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HISTORICX., DVELOPFIENT OF GOT TAXONOMY 

R.D. YEC(K 
Research Soil Scientists
 
National Soil Survey Laboratory 
Lincoln, Nebraska
 

I. INTRODUCTION: 

A year or two beftoru Il!ton '%,lotney initiated the U.S. Soil 
Survey in 1899, he stated (Dra!field 19.4), "we need a soil survey 
in order to be able to tr;.nsfer e per:.ince, from rcsearch or the 
use of soils, frcm tbo 2i.Jds or :u L re we have experience, to 
other soils or areas wh, r, it that ,s .,.lcable". That process 
described by Mi tn!, bufre the turr, .)f the century is the very 
essence of what we n w term Agrot,:;-niion Transfer. Since soil-

survey has long buen rzco-.nizud as. in esuon.tial ingredient of 
Agrotechnology Trans.far, it it; ppro1,riax; Lnd necessary that we 
study Soil Taxonoiv, zJonj; with A,'rot,'n ..;logy Transfer in this 
forum.
 

!12 mly pcs, the .:uust:L,n -,by .',c hould spend our tine 
considering the past by .IscussIn:Y the history of Soil Taxonomy. 
I think the answer arf's ana; -;ou. to i,hy c interested in our 
oin historical roots, Tv a larvae de, r ., each of us is influenced 
by our herita-e= incladin- the -vcnts aLd circumstances that 
influenced the.. decisions OZ L-ur Incoto.,, Also, by knowing some 
of the traits of our :Xr~nts, ::rai ,i:.r.iU. c-ad perhaps even great
grandparents, and the C,!cisjons hey aaL ?ivan situations 

may more fully undLrL,t-,iId who I.- arL. iui finally, a better 
understanding of uursv.'es .nay !asdir . our lans for the future. 

in a siriilar - J'. ;e thinb Thout the roots from which 
Soil Taxonomr s i.1 give 

philoa,phical fLund.ci-nr. the .cv .. c-f :.cituric that povenl
 

Ltra ll u.-js i.: .:ter insight to its 

classificatiois, tni evic its uniiutu lanuap, . Fron that knowledge, 
we may also b, able t help, .nhap- Lhc "-,'11 faxonomn_ of the future. 

To give us a bit an overview c.: r,ur topic, let's consider 
some significant milestones in the dewclcpnont of Soil Taxonomy. 

They are shcn-m in Tablu I. 

I/Paper presented at the XIV international Forum andon Soil Taxonomy
Agrotechnology Transfer, Philippines. 
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Table 1. Hintorical Deavelopnent of Soil Taxonomy - Ililestones. 

187? - Development of the Conce-t of soil forming processes by 

Dokuchaiev 

1899 Beginning of Soil Survey 1-ith- U.-Ited States 
1912 G.N. Coffey published POD .ureau of Soils Bulletin 85, A 

Study of the Soils of the Ue!id States 
1914 Russian Concepts ublisneid in Ctrnaan by Glinka 
1921 - Translation of Gliikn's buo:!, to Lnglish by l1arbut 
1938 U.S. Classification publi ;h.d - Coils and lien 
1951 -. Organized effort to develo.- elu US. classification 

initiated. Soil Survey !liual p)ublished. 

1960 New U.S. sch2me presented to L!- 7th International 

Congrcss of Soil So:lence, ikuiisoi W'sconsin. 7th 

Approxirnation Du. oh. 
1965 New U.S. cladLfic.ztion s :hca': -dpted for use in the 

US, 

1975 SoIl Taxon ow.y. iublish',.1 

Now that we hav.: 3ooL'] at sc'i-. -.rers for our historical 
journey, let's tak..e the t;-ix- again. iz.j s;-,ding considerably more 

time at some of the uzle:tou) thn at thers. 

II. SOIL CLASSIFICATION IN TH{E U.S. FRIO. TO INCEPTION OP THE NEW SiSTEM: 
In the U.S., the bu:Jinnin-., c the sail survey preceded the 

use of a national soil cl:iifict:. be,.. Sone of the concepts 
that eventually becarna cortones ef the U.S. clnssification syst'nm 
hcwever, had alread,y hbn I;'1,rYu!:1...kuch:Iuv, -is ind.catnd 

in Table 1.
 

As pointed pcinuted ib 49), George N. Coffeyout Lv (1it 
of the U.S. Bureau of Soils was influxi1cZd by the ideas of Doicuchnieve 
and published "'A Stud, of the Soils of the United States' (Coffey-, 
1912), outliningy a clausificntion systim that considered sell as an 
independent. natural body. His cla.s:ifcation was based on soil
 
genesis, and It reco -. zeur inhcreut di'; ences in the soil itL-.lf. 
The prevailing view in the U.S., h raevr, -- to soils fr,_ aas treat 
geological point of view, and Ctfe ideaz wre not accepted. Smith 
(1983) states that Ccf '7ys ideas ir2 to advanced for the tine. A 
few more U.S.pedoi.rita b,.ca-t. C..7LK:r v:th the Russian pedological 
concepts because of (2.-inki t... 'on
: r-"r L- i that arrived in the 

.
United States around I' ,4. I. U '7.evur, until Dr. Charles 
lMarbut, head of the . . e,tr::nriated the work into 
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English, about 1921, that it became generelly familiar to U.S.
 

pedologists and accepted by them. The fundamental thesis of 
Dokuchaiev was that soil was a distinct: independent, natural

historical body (Joff.t 1,49). Frcn :;hf. concept, he felt that 

the factors of soil formation, in iiaiy .irt- c zone over a
 
geographic re;iou dt,:rrn.in 
 the ty 2 of olol as manifestud in the 

profile. Dokuchainv sait, "If wo ki, t fIctors of soil fcration, 
we can predict what tic ::,ol i'ru'd b.:ik.. He listed the factors 
as parent material, ;lant an6 animnal oraunsms, climate, age of the 

land, and topogrophy. Later: t.h.x,. . ; to study Soil Taxonomy, 
we will see that theso concopto -'r sti central to our present 

understanding of pedolo;y. 

In 1928. ',resent._d schema!'arb;jit au, zl .sification 


based on the abov L.ussian cc.ncepts. lie later
 
published a rore dota., vcrooio 02 acheme in 
 the Atlas of
 
American g4riculture in 11 _'-. . uc, the concept of
 

Pedalfers, soils disti;ui :h 6 :cc7-L 1 tions of aluminum (Al),
 

and iron (Fe), and 2ud.co1ls, .:., i y accurmiulation of 

calcium cnrbonate,, .CCO,) at i11L i o .ssification cate.ory. 

Althoudh harbut's schlna pruved :,ot : b' :.:clusivc of all soils, 
if reflucted cur unrursondlg c L,)i].L;t.that tir'ie and was the
 
first acctopied 
 step in th US. fj.: .-.- ilzin a soil classification 

scheme. I:: 1937, in -tt. c . .. complete,... c,tn'o more class-. 

ification scheme, Sucr tary (if '.-1ric:lou::. Henry Pallace, asked 

Dr. Charlus ,Kol1o'gt; , of L,=,il to alraJ 6,"U:. :urvcy, develop 

year book of agriculture refl, ct.ln 32. that was known about 

soils, including weahnes.fs of , t :-ld2 u, at that time. Thus, 
the 193K USDA Yearbook of Ar', isal ,--. 9'Uilsnd Ven, was published, 

including a nower sch1.nv of ,oil .ication. At the highest 
category (Orlcr) , thi; sch'.ie inccriox.tod the Russian concepts of 

(those ref1uct:,, ling 

soils (those reflectin- doninanc. J ic' actors), and Azonal soils 
(soils without ,,enotic horizons) were still subdivided 

Zonal soils frilly a.43 ... factors), Intrazonal 

:'&.,ils 

into Pedalfers and Subord.: :oupydrdocnls,soils by clf'.ata and 
vegetation, but tho third highest caoci:cry. great soil group., seemdd 

to have thu mose apj *oel in c;Li .,...] though this was an i~iprovement 

over Iarbuts first cicrqc, it t.fi did(not accormodatL all of the 
soils of the United Stnt,'s. 'orld t,)-II in:terrupted continued work 
on soil classification. JI.Iter th' o,":: .. "llogg assigned committees 

to study the Great Soi .:,*,'L.j th... .' system (they included groups 
with names such as Brcun ' , etc.). In 1949 an 
updated version of tiu I. c.:. ;at br; schema was published 

(Thorp and Smith, 194) Ltit no oiedodi.clr grouping by Pedalfers 

http:weahnes.fs
http:dt,:rrn.in
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and 	Pedocals and added i.ore great soil groups. This scheme although 

more inclusive, was still not completely satisfactory. In 1950, since
 

it was apparent there were too many shortcomings of the U.S. system 

and other systems known to Dr. Kello,g, the decision was made to
 

develop a nev system of soil classification that would acconmodate
 

all of the U.S. soils and hopefully -thers as well.
 

It is of interest to us to k.Jw thcose features that 

Dr. 	 Kellogg listed as shortcozings ; v.rvious systems. Because 

correction of those problems would certanly be addressed by the 

architects of the new clessification sch,2iie, ha listed tha.,'o as 

follows: 

1. 	 Concepts aud definiticr w- ru baced on factors outside 

of the soil itself and not uo sil properties. 

2. 	 Zonal, Intrc~zonul and Azoid. g-ro)upings were ambiguous 

in terms of :,oil irertus, 

3. 	 frony soils wero -khflneJ ,h! b:'is of virgin 

conditions.
 

systL'a LcL 
properties (mii int -i-:,i, ;ti,.tlon potential). 

4. 	 Lower cate ,r ie .. d. Fned on too few 

5. 	 Soil color was over ua h::zi. 

6. 	 ilTomenclaturL tur hi:ih,:r c.t' c;z1.s ",reat soil groups) 

evaolve fren Sw.rVL !anguagus (OIixtures of nouns and 
adjectivcs) nnking it jifficult to name intergrades. 

In support of the effort to develop : net comprehensive 

soil classification syst-n, act'vitiz the soil survey 

laboratories !,cre directed tCwer.,,er a data for the new 

system. Also, in 1951, a Soil Surv;' nnurl was published which 

established standard -ethod6 of d-,;or-tbin; soils. This was 

especially inportant because it providd a uniform systerm of 

documenting field dat. that ,iould b, a rcessary part of the new 

system. 

Dr. Guy Smith w.n, assic'ned by Lr. ,dlogg to head up the 

efforts for develoinr.tnt of the n, systea. Dr. Smiths training 

and experi-ence particularly suited him for this task and the new 

scheme was to reflect his scientific -Atilosophy. He had studied 

under Jenny (author of i :ook attempt: ,w ty quantify the soil 

forming factors). br intrx..c,:. to il ofJenny hiLi the ritings 

P.I. Br.nlaan, a stronL, ",.riicat, u,-.t'tativc methods in rcience. 

Dr. Smith insisted, rh,.:-i .hr:.'... . .:a praposod for the now 

system be iwasurabK .:.:'..71? ncd each proposal based 

on its logic and dua, ,:.' vI.idty. Dr. Smith gained 
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a reputation for his skill in sif:ting throwzh divergent and 

strongly held views as he produced a serius of "approximations" 
of the new system for review and teatL.. He never abandorned a 
rigorous and scientific opproach fo- r:,e systen and also insisted 
that rather thzn Just an ac-tdamic that it be useful. 
Pith this backj;round, V.! :i:e rt,,Ody t, r,:,:ider, in some depth, the 
concepts on hich J:e ne-:. classiwLcatz-,- u''tea was based. 

III. CONCEPTICN AND '> Th1E 2LtTlc2'.3.ICTIONQ'? 'MUTIh 	 SYSTP'H"" 

The concepto c: Dokuchaie;' (~..7lt soils are natural-
historic bodies that r,_Zlect tae iflu.:acr. of soil forming 
factors) continued as an unb- oken t-.'ce:u throurh the Cearly U.S. 
classification schemes anU contJi:ues a:3 a major part of the 
philosophy ot the r.ew classificntl.), bti lith so=u shift in 
2tiphasiL,. The factors of '3cl! fouiaticw r.'iood in Runzia have 
stood thce test of timn o c',:n.'t of ,oii as a three-dinansional 
nataral body remains as a ojndulyl.-' couc.,pt in Soil Taxonomy, 
but th* logic of that concept h, . -stiod in recent years 
(TRolurcn, iFF5). _ l-snun io 1 he early U.S. scheies, 
however, was soilthat na:s z ct ind primary for soil 
classif:ication is too suLjcctivi 3., .r7 to try to predict 
where all soils cccur bao.,. on .. i.,d geesis. md 
classify thamn a pELci thL; accuracy o' ,tjr classifications would 
be limite to our ur t~nd-g of ,-di. ,-a.-sis, That understanding 
is seldin co-.lAte and t',c ! ay be :._rated with divergent 
conclusions anong rc.'a,.rct-rs. :Snc!iler fi ortconin,-, of the early 
schemas was the dif icuity of a sls_.sln to classifications 
from one lea. in the cl:-jsificaticp..t: _ to another. Tfhis 
experience from the e.-r2'e-r • " incluig the 
shortciti:'nos listel ,.arliLr by Dr, lyc. played a mjor role 
in determining the ob'oci:ives; ator.ti,;a and operating guidelInes 
for developinB the new clas:ific'tcion .,oLcsn. 

Smith (196) dicusoed the ob-,ct.,,ls. and basic ssucipcions 
of the new classification systeu. J1, a.tunptions followo 

1. 	 Soil is the result of the i, -'rnction of climate, relief, 
.and living or ;ansmc, . ou" r,:n, acting over tiea on 

pn.,'nt Wtariel,Wherevr.- dhea factors have been the 
';rne, the soil is the sane (Cir, t stated by Dokuchaiev). 

2. Wherever the soils are t. ._ the res -onses that depend 

upon soil er..ext t vie. 

lie furthoer poi:-., w., to develop a
 
classification systo:i, th]vi: ; _o.L', 
 .L:tu':al and comprehensive. 
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Smith (1963) quotes Cain as syi.cZ; that a natural 

classification system is a groupinS of things "that belong 

together", although that is rarely a uacnimous decision. Cline 

(1949) furtLer notes that in a natural system, one classifies 

in such a way that the name of each cl:isa will bring to mind many 

characteristics and wll fix each :-:u.: mentally in relation 

to all others. He says the obJ.-,ct!ve is to show relationships in 

the greatest number and T9,11t LcTnrCnrnt properties. The lowest 

category is a preC'eZuio tL to Il otiur '-rou,ings. The individual 

is the obJe;r oZ Clabs-fICh'.Uon at 'h !owM:t level in a natural 

scheme. The. efercl, h'.-.in( considca;'. se:ols as natural bodies, 

defining a soil ind .videnl (in this cn,;,i the polypedon, defined 

later) iTas considerC ue'sential in tlo:: nntural soil classification 

scheme, 

A coprehensiv, system. ex::Th:v!e'i Ly Smith (1963), is one 

designed to permit io: '.usL.t: of ail :;fi..s, He further noted that 

the system dvicvsed ,oul! l- :n j)r1..lct. , . x!ritten, but that it 

would provide for acCr odaticn : .. i:val soils as they became 

kno;n. He frther note,', chat Liu:.caric system was needed 

for two reasons. First, th, huiian uLn 'i limited to the 

information it can corerchend at .,)r.; t:., ::nd X.th the subdivisions 

of such a multicntgyric svstex'v cnOy i subdivisions Of interest 

need be cowpri.hended nt u-no tine ultiut couasderinu the entire 

system. A second rear,-n is the c,,io;vLn:tv to consider soils at 

different levels of -u.ieralizati-j, 

A fundamental featurc of :he systm ias to have the taxa 

d.finea in, terms omfoerw.b ,r u--.e' )roerties. The taxa 

concepts ar- in part -netic b.it ff~ tiating criteria are 

operational. Thuc the sysem is gcrnvtically based but does not 

use soil amnebs directly in the duiJ.ni-;±o,_ns of the classes. 

Genesis, therefore, li!s behind the tld.TAr.ions and is one step 

removed from them. T.hle ratiouale f(,r :Iefining taxa in terms of 

soil properties foilo-:m 

1. 	 We are trying to classify so.s, not soil-.forming 

factors c-r - roeeses. 

2. 	Definition.- in terms ,.,!L-il ?roperties focus attention 

on the soil Itself rcabr'r thnn on related sciences 

3. 	 Soils of uni:-nown ... m;a cInvT OC clas lialed if 

fin ioa. are vritt.n J.r% .- ff.f sail genesis. 

4, 	A classification :'J, , i t can )e applied with 

rasonnI.7. : ut-Ifor-i.tyLy large iambers of soil scientists. 

http:ut-Ifor-i.ty
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For uniform application of the definitions, they must bc
 

defined in such a manner that each scientist applying the 
definitions will apply them in a siailar Thus,manner. procedures
 

for recording observations and maethcd(s of making measurements for
 
applying the criteria are Jefined. 
 'hoe are termed operational
 

definitions. For exauple, the pH at which ie determine cation
 
exchange capacity (CEC) determines our renault. Thus, we must
 

specify the method of determinin C, to be used for a given
 

taxonomic criteria. Clearly, the cnc.'. of operational 
definitions is very important to urnifdar ai4.lication of definitions, 

It is useful for us to un!,rstnni the basis on which
 

distinguishing diagnostic propertiu.a w e chosen. The following
 

properties were listed by Dr. Smith-,
 

1. 	 Only those proCerties that ncw,, uxist or can be 

demonstrateJ ehould be uric., 

2. 	 Properties that are t:, -- sult rfi soil genesis for 

that Influenc.- sIi1 . -a . ould be used for the 

definition of taxa (tbis relates to categories above 

the 	family level). 

3. 	 Properties selacted should be :uiasurable. 

Sinca the ncencl.tura of Soil T .conomy is unique, it is of 

interest to know the principles ub.:dL: ccining the names. They 

are 	as follows= 

1. 	 Formative elements ',r to co-ie fron the classical 

languages inrof.7r as [oaf.l&. The names must be 

tanemonic anC connote to42 'f tho properties. They 

shnild fit readily into eae ny rnodern languages as 

possible and b',: distinctive.° 

2. The name should indicate t±,: 'T'ace of a taxon in the 

system. From the name, one bould be able to recognize 

both the category of the taxon and the taxa in any of 

the higher cate ories to ,-ihich it belongs. 
3. 	 The name, s 3hould be as short uo possible. This is 

critical. in th, hilt'her ca,:goris if the names of taxa 

in lowe!r cate. ories are to c manageable in speech. 

4. 	 le nnmz:. 4hould b aL emh tc as possible. 
5. 	 ExiSting turms veru to Le avoided. 

Prior to cons.X:r!:g are , o logic of the classification 
system, it is worthuhi L; to rc ; o 0: ttitude of the Soil 
Survey Stiff (1961J) to-rar! thiis l',:i.Ci.:.tion system Md classO.ication 

systems in goneriil. 7: su .. : L.' :lamssifications are contrivances 

http:inrof.7r
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made by men to suit their purposes. Tiey are not themselves
 

truths that can be discovered'. They further point out that 
classifications are not static things but need to change as 

knowledge expands. 

As discusscd earlier, the So.' Tayor,my authors note that 
it is a natural classifization syst-,1. In such a systera, as 

mentioned i.earlier, individuals were co, l.ered the basic unit of 
classification. Fron the concz.pt of s .i.sas natural bodies, it 
followed to define the soil iniiv~iu;.:I. C! ne (1963) discusses 

the relationship betJeen the .turi! s'lis as we find them out of 

doors and our units of caific:tlon, 'iuo terms and their 
relationships to each other wCreef.'a' (Joil Survey Staff, 1975). 

Pedon: le smalest o1rea fo" ihich :;e should describe and 

sample tLea,oiL to rcr.::n the nature and 

arranga~i(t cf it:. i,-,:.,:. .d variability in the 

other ,oIl;rtris J. c.tv served in simples. 

(A unit of na-4. 

E2pyEdon: A soii, tih.,oi' Lh.t xe classify. It consists 
of cuntiguous simiiar .. 'as that are bounded on all 

sides by 'aon-soi- ':: by pedons of unlike chatacter. 

Thus, th. soils that ue s 2:.reIc considered as contiguous 

units that grade to unctis that re J:ift enough that we 

recognize them as havi.ng a differ,.: c.-sification than the one 
under consideration. , e estivatL poly'i.. o. properties from a 

sample of that unit (.n or..1ot). '.hu,, . -- !;c dip a pit or obtain 
soil niaterial:e fro :.n au:-er iborina-, ,,oat observing and 

measuring materials frmouc samiplin-. ul-ir. It is this material 
on wihich ria recoed Ub3eL-V;iLioae and ,.':.. r-ieasurmecnts, both in the 

field and laboratc-ry. Once those .as'r ,eats ar". mndde, we compare 
them to the taxononic criteria tc- -chi: the classi.iLation to 
assiga to the soil that we sam,', ",:. -raetie.!, within n del~iet,tcd 
mapping unit: 1e often have ollo or n:.r,1 eiJLilnr polypedons and even 

included dissimnlcnzi units. ljn pin,; units :.lso posscss, in addition 
to the |'r) ertis of th : olyjpdon, la:.scape properties such as 
slope and aspect. 0Cnh2 mor,_ recent l ohy (Holmgren. 1985) 

suggests defining th oisal strictly , eprational terms withiut 

invoking ;c;don and ooly.e'c0ecept:, 

http:concz.pt
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IV. PUI!LICATION AND OYUSE SOIL TAXCNO'11Y:
 
The objectives, logic, 
 and assLuptions of the new class

ification system were 
tested, bcginnin, in 1951. through a series
 
of *;approximations" sent to pedologirits in the U.S. well asas 
in other countries. Testing and modlfication of original ideas 
ware sufficiently formulated by 19,C that .he new classification 
system was presented *it tile Internation. Congress of Soil Science 
in IHadison, Wisconsin. and published in hound form as the 7th 
Approximation in that year. After ndli't-;2nal refinements, the 
system was officially adoptd for gen.:rai use in the United States
 
at the beginning of 1965. 
 There waa a perod when proposals for 
improvement and nodification -wereacccp,.! but not acted upon in 
order to hold the systemi stnble enough for ;eneral use and 
testing. Soil Taxonomy uas publisheLl ili bound form in 1975. 
Now proposals for modifications are procssed through the Soil 
Taxonomy Policy Corcnittec. 
 Proposals for iodification from the 
international coixnunity bemay r-. :u ICOMS, international 
committees that withdeal opecif~l_ zf -..robler,.s or classes 
of soils. There is: th refore, an oanoig process by waich 
changes will be made to Soil Ta;.ono [ as needs for changes are 
recognized and our knowled?.e of pedolo- increases. Soil Taxonmy 
is, therefore itself, yt another --,l-rt:zLuation to be followed by 
others as our understanding beeo.es ,icr= coapl-te. Lartelli (1975) 
summarized the future of,i Tancy
-; r. the following manner. 

"Soil.T,,x.m,2: bs the beat chance for 
healthy evolution :.hero thc-rc fa a ecd mix of 
field mapping end a ferovin,, kno!ele',;,e of soil 
genesis and soil behavior in io scientific 
comnunity. Soil Taxonomy musL be kept dynamic, 
it should react ti new onulodu.especially when 
this ktnowledge enev'passes soil behr,,ior or our 
ability to predict response Lo ,unae~ent." 
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I. II iaODUCTION 

Soil horizon is being used extensively as a means of
 

identifying sofls. It is a layer thLL is uu:ally parallel to 

the soil surface of which some properties are products of soil

forming processes w;hich makes it different from the laycrs just abovc 

and beneath it (Soil Survey Staff, 1951). Those horizons are partly 

recognized by their own morphological and partly by certain 

properties that differ from those horizons below or above it. 

In the earlier classification uf Fhilippine soils, genet±c 

horizons wlich are qualitative descri'tion about the changes that 

have occurread in the soil have been used. The di-gnostic horiz;on, 

on thu other hand are defined in terms of quantifid properties of 

the soil that arc. used to e:earate rifferent scil. taxa. 

This p,-,er was adopted from pages 14 to 64 of Soil
 

Taxonomy.
 

II. DIAGNOSTIC SURFACE HORIZONPI 

The. diagrostic surface horizons are usually referred to in 

Soil Taxonomy ns EPIPEDON, from the Greek wor.d epi which means 

over or upon the pedon which mean . ese are ther.fore, the 

horizons that form at the surfae( -aJ ;Iow darkening with orgonic 

matter ur have uluviated, or rack L;-ructure has been destroyed. 

lt is possible chat the epip,2'don Wy be covi:red by a thin 

alluvial or thin eolian deposit!:, 1w Z rctf-.in its identity as an 

epipedon or else it becomes a burizd hr::on if it lies below 

50 cm or more. 

--	 Paper presented at the XIV Intorast' . ort on Soil Taxonomy and 
Agrotechnology Transfer for the ,iE..,. Legion June 16-28, 1986 held in 
the Philippines. 
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The 	epiredon is not always the A horizon. It may include
 

part or all of thi B horizon if there is also darkeLing by organic 

matter hero.
 

The properties of rhc apipcdon ij dctervined after mixing 

tha upper 18 cm of the surface or t .->&, surface soil down to 

th_ bdrock, . tif.: th::6- i-i c-. 'fa ,Ux:-g process is 

requir ;d so as to insur.: no .if .. LAfication when the soil 

is plowad. 

III. IOLLIC EPIPED311 

This rurface [c.'rizon is ra!.tLv:!y thick, dark in color, rich 

in humus. or on:, in :,"i dominated by 

cations and has a modcrcvto to c., u:ture. 

Vhe mollic cT2.,'n i;h. , hove formed from the 

deposition of 0r-n ic ;h.U lv.. ":.nt cations particularly 

Ca are abun,knt. 

:,C,CfliC Cpipedon is defir," with thu follo::in- proT:Orties: 

1, 	 Strong structurc such zi;: thi: -vjor p'r£ of the 

!orizon is not both :td hard or very hard::-slv 

S-i.n d-iv 

2. 	 iiave -unrell coj.,or value ii'.- than 3.5 ,zhon moist 

and 5.5 vhwi Ory ,nd '.:. lh't than 3.5 when moist, 

unless thu . "cent finelv divided 

].tro. Bui if tP2 f lime Is more than 

,40 percert., tw (.1 ; wa vcd because the 

finely divided tiuc ". entAo although the 

color value moist s . . 5 ',r less. 

In short th. n_. ip'.idca ou.d be dark in 

color a-id o, .:. , .ajor part of its matrix. 

3. 	 BasL s, Or,. --. ' iis 50 erccnt or more. 
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4. 	It contains 2.5 percent or norc organic carbon in the
 

upper 18 cm if the color requirement is waived or if
 

not, has at least 0.6 percent organic carbon throughout
 

the 	specified thicknc!s.
 

5. 	The mollic apipedon l-: :-,,o thickness requirements 

depending on certain c.: .. z'.':. After mixing it is thu 

u;.:'r I. cm 	of - :'. le soil if it is £18 cm to a 

rock, petr--.,icfr h':; n, ,. :.ipln. Here, the other 

thickneds roqunn:. :,-.ocia.tcd with the presencq or 

absence of a lithic cov.:. texture, lime, certain subsur

foce horizcns, ncro;Ji; 1,:K,'zon or duripan. 

6. 	Has lcso t' .n " .: "-: either has increasing 

amooun' of F , il W-i, , or has phosphate nodules 

in the opip),:. 

. t is .noi; . .,apa'tc for 3 months or more of the 

year in more than 7 ycars cut- of 10 years at times when 

thL soil tcmperaturc is 5'C or higher at a depth or 

O cm il'thc soil is not frriga,-tcd. 

. 'Tnen-value is40.7. 

IV. 	 ANTI-OPIC EPIPED0N 

'ihc anthroptc epipedon rezc:,l.J.3. the mollic epipedor in 

all properties >:r t ti,.. higher I.tlis on acid soluble P205 with 

or without the 5!0 per-: 's . :%.or tho length of
 

p'vrid during which 't ha, r,,,.:.i:,,:
.. n'ure.
 

V. 	 UMBRIC TEPIP")N 

Ih umbric upipedon meets the required properties of a 

mollic epipadon except that the base saturation by l114OAc 

(50 percent. 

VI. IlSTIC 	 EPIPEDON 

Thu histic epipedon in a layer at or near the surface that 

is saturated with water for 30 cons.cutivu days or more in most 

years, although it may be artificially drained. It shzt,1d also 
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meet one of the following requirements.
 

Normally, it in a thin, horizon of peat or muck if not 

disturbed. loRiever, uhen it in already plowed it contains high 

organic matter resulting from the miy.ture of peat and mineral 

materials.
 

It meets one 	of the following requirements: 

1. 	The surface horizon consists cf organic material at
 

various proportions under certain conditions as defined
 

in 	Soil Taxonomy, pages 17 to 1l. 

2, 	The plow layer ic 25 cu or more thick and has 8 percent 

or more r crlarbC1L if it has no clay or 16 percent
 

or more organic carbon if it hns 60 percent or more clay.
 

3. 	 A layer of organic material that has enough organic 

carbon and is thick enough to satisfy one of the 

requirements in Item 1. 

4, 
A surface layer of organic n'tarial (25 cm thick that 

has 	 enough organic carbor. to satisfy the winimum 

requireenants under item 2 	 after mixing the upper 25 cm 

depth.
 

VII. PLACGE1l 	 EPIPEDON 

This is a manmade surface horizin which is 50 cir rr more 

thick and which hos 	bcen produced uy 1ng continued manuring. 

It is cotumonly identified with th,, presence of artifacts 

such as bits of brick ,Ind pottery th:o:ghout its depth. It 

normally shows spade ;Iarks and reriants l thin stratified beds 

of 	sand.
 

VIII. 	 OCHRIC EPIPEDON 

The ochric epipedon has toe high color value or chrona, 

too dry, too little organic matter, too high a value or too thin 

to be mollic, umbric, -.nthropic, plaggen or 	histic. It 	is both
 

hard and massive wjhen dry. 
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IX. 	 OTHER DIAGGOSTIC SOIL CHARACTERISTICS
 

ABRUPT TEKTURAL CHA1GE - This is a change 
 from 	an ochric 

epipedon or 	albic horizon to an argillic horizon. There is a
 

required increase in clay content within a very sbort distance
 

in 	 depth. 

If the clay 	content of tho ochric epipedon or the albic
 

horizon is less than 20 percent, thc clay content should double 

within a distance in depth of 7.5 cm or 	less. 

FXCHANGE COUPLLN DOMINATED BY '14ORPHOUS MATERIAL -. Amorphous 

material is a collij.dal material that hac all or most of the
 

properties 	of allophane and it is generally amorphous under
 

x-ray with 	the presence of crystalline materials to cause
 

small and disordered peas
 

An exchange 	 complex is predc-minantly amorphous if: 

1. 	 The exchange capacity of the clay at pH 	 8.2 is 

greater than 	150 ineq/100 g clay
 

2. The ratio of 1.5-bar water content to clay is 
more
 

than 1,
 

3. 	 The pRNaF is greater than- 9.4 after two minutes 

if there is enough clay to i.avc a 15-bar vater content 

of 20 percent or more, 

4. 	The organic carbon cone:t is more than 0.6 percentj 

5. The DTA 	shows a low temrer:ture endotherm; and 

6. 	The hulk density of the f'ne-t-arth fraction is less 

than 0.85 g/cc at 1/3 bar tension. 

X. 	 COEFFICIE14T OF LINEAR EXTELISIBILITY (COLiE) 

The Cole value is the ratio r), the {Lfftrcnce betyween the 

moist length and the dr; !en.th of a cloC to its dry 	 length. The 

expression 	is (Lm-Ld)/Ld where Lm As L.he length at 1/3 bar tension 

and Ld is the length when dry. 



Diagnostic surface...6
 

It can be calculated from the difference in bulk density of
 

the clod when moist and when dry. 
It can also be measured from
 

the shrinkage of a sample that has been packed at field capacity 

into a mold and then dried.
 

DURINODES - Durinodes (from L. durus, hard and nodus, 

knot) are weakly cemented with SiO 2 to indurated nodules.
 

GILGAI - This is the microrelief that is tupical of clayey
 

soils having a high coefficient of wxpansion with changes in 

moisture content. The microrelief ocr.[5ts rf enclosed microbas rs 

and microknolis in nearly level areas or of raicrovalleys and 

microridgue in rolling areas. Her2, the height of the micrordigas
 

ranges from a fe , centimetcrs to 1 m or more but rarely higher 

than 2 m. 

LITHIC CONTACT - This is a boundary between soil and 

coherent underlying material having a hardness of 3 or more in
 

the Mohs scale but does not include a Curipan or a petrocalcic 

horizon and it must be within 50 cn of thl surface of a mineral
 

soil to be diagnostic.
 

MOTTLES T AT HAVE CHROMA OF '2 0: LESS -. ttles spotsare 


of contrasting colors. For e~xamplc, a seJ. having gray 
color in the 

matrix with a few spots of red and brow*rn. Here, the nettles are
 

the spots of red and brom. It 
 rcfers to colors in a horizon in wtliiL 

parts have chroma o 2 of lss, MoiiL, arid value, mIst of 4 or more 

whether or not that par: ir daminant ir v.luic or .hether or not it 

is a continuous phase surroundiag soots of igher chroma. The part 

is excluded from the meaning if all the horizon has chroma of 2 or
 

less or if nu part of the horizon h.E chr,; m as low as 2. 

The mottles that hava chrc.,e of 2 or less also means that the 

horizon is saturated with watcr -.t s',re period of the year or the 

soil is artificially drained.
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n VALUE - This value refers to the relation between the
 

percentage of water under field conditions and the percentages of 

inorganic clay and humus. It can be ,:rjlculated for mineral soil 

materials that are not thixotropic by the formula:
 

n - (A - O.Z/L ' 3H) 
Where: A = the percentage of water in the soil, calculated 

on a dry-soil basis.
 

R the percentage of silt plus sand
 

L the percentage of clay 

ii = the percentage of organic matter (organic carbon 

x 1,724). 

The critical n value of 0.7 cav.,bt. approximated closely
 

in the field by a simple test of squeezinS the soil in the hand.
 

If the soil flows with difficulty bet.?en the fingers, the n value 

is between 0.7 and 1,0. It is I o,: P.orc, if the soil flows easily 

between the fingers.
 

CRGANIC SOIL ?!,TE,.AULV - 9rg ari soil materials either (a) 

are saturated wJ.th eater for long paricas or artificially drained 

and have 18 pcrcent or more organic carbn if the mineral fraction 

is 60 percent cr more clay, 12 percent ur more organic carbon if the 

mineral fraction has no clay, cr a ".,pJ'rtional amount of organic
 

carbon between 12 ard 18 percent if :he clay content is between 
 zero 

and 60 percent, or (h) nre nev,_zr saturated with water for more than 

a few days and have 20 pereent or n :ra :Irganic carbon. 

Item n aboV. 1- th,2 pents an / 'aick Ahile those in item h 

are the litters or 0 horizons.
 

PA BLITIIIC CONTACT - Th:in ,x:.nis lithic like which refers to 

the boundary between soil and continuou, coherent underlying m-!terinl 

which has a hardness ;f Jcss Lhin 3 by iO".'L sca..2, if it is . single 

material . But if the underlyicg . is not a single material, 

chunks of gravel size ccn be brokc.n '.ut disperso more or less 
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completely during 15 hours of end.-ovar-.and shaking in water or in
 

sodium hexametaphosphate solution. If it is moist, it becan dug 

with difficulty with a spade. 

PARTICLE-SIZ[; CLASSES - Claso -x of soils based on both
 

the fine earth fractions and the rock frapments in selected
 

horizons or within arbitrary limits of depth. It is used to 

define a number of trtxa as well as it is uaed as differentiate 

at the family level.
 

PUFMIOST -- Is i layer in Ohich the temperature is
 

parennially at c bulow 00 C, whe-thtr the cr.nsiatence is very hard
 

or lo.;se.
 

PETROFJ!.RiC C'N*,LCT - A woi6 pctroferric is derived from 

the German word Petra uhich muans ruck, and the Lain word ferrum 

which means iron, implying ironestone. Hence, the Petroferric 

contact is , bounazy between oil i-d 7: c'ntinucus layer of 

indurated -. n iron :.s an :Thnrtant cemenit and organic,ntcriai -;h±":h 


matter is absent or 
ia present only iintraces. To be diagnostic, 

it is requtr'.:!d that it must be 'ontinl,.us within ib.its of a pedon 

but may be fr:actured if aevrasQ distance betw n 

fractures is IC cm. Thu indurated lay,-r difZs from a placic 

horizon and frt'1-1 n ortstein by 0h- nbs.c, r f ory-unic Liattur. 

PLIi:TiMITE This is deri.v ! frm Gr. p.,nthos, meaning 

brick, It :L,an iron--rJch, hunu3 :-oor nixture of clay with quartz 

and other" diluents. PlinLhit- oc.curs j karl. red -,iottles, h.h 

usually are irnpiety, polygor., -c t::c patterns,-*ti*,-;,lat, It 

changes ir-evrsibly to an iron, b_,-dian-:t when exposed to 

repeated wetting and dryin,. cupeci2z .n exposed also to heat 

from the sun. It is calld -in irorue-sLren, ".fLr irreversible 

hardening.
 

http:ontinl,.us
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It dcec not form a continuous phacc if present in small
 

amounts in the scilU, but if a large amount is present, it may
 

form a continuous phave.
 

POTENTILL LINEAR FXTENSIBILITY -- This is the sum of the 

products for each horizon, of the thickness of the horizon in 

centimeters and the COLE o' the horizot..
 

NUImER UID KIND -- TU. s is a sequence of anSEQUI: 

eluvial horizon and its sub-adjacent ; horizon, if one is present. 

This is illustrated by an Albic horizcn und a spodic horizon 

immediately underlyinE it.
 

SLICKENSIDES - These are polished and grooved surfaces that 

They are very common
 are produced by one mass sliding past another. 


in swelling clays. 

LiIME - This in t.e translocated authogenic 

soft enough to be cut readily with the finger-nail. 

SOFT POUDLRRY 

lijae that iE 

the soil solutionIt is the linic that is precipitated in place from 

and not from the parent naterial.
 

SULFIDIC MATERIALS .- These rcu vaterlogged minerals or 

organic ±o!linterial containing 0.75 .erccnt ormore sulfur 

(dry weight). They are mostly in sulfide for,!5 and they have less 

than threo times as much CaCO3 equivalent as sulfur. The sulfidic 

materials accumulate in c.soil th't i ,-.17anently saturated 

generally !iith brackish water. 

of soil Zhat relates to aTHIXOTRCPIIY - Tis is d pro->2rty 

reversible gel-sol transftrmation under izotherm.l shearing stress 

by pressing a bit offollowing rest. It is tested in Oih fie.ld 


wet soil between the thu;,b and forcfirges." -,herein, at first it
 

resists deformation, tut with iuceasin; pressure, the soil is 

molded and defon-i-dA and with r:-J.. -r-souro. the soil suddenly 

changes frm plasqtic solid to a TiquLh.* and then the fingers skid. 
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Here, the liquified soil sets back to its 
original solid state
 

aftar a second or two.
 

TONGUING -- Per.raions of bleached material that has the 

color of an albic horizon in an irgillic or a natric horizon. Here, 

the 	horizontalthnn 5 cm andthe vertical netratio is 	 more 

am to LSim r more depending on the 
dimension is r.nging frcn 5 

natric horizons. The penetrations

texture of the argillic or 

nust also occupy more than 15 percent of the matri. of some part 

or rmtric horizon.of 	 the argillic 

-	 This concerns the inter-fingering of
INTER!'INGER!:, 

materials 
albic atarials cousistirq of -,enetrations of alhic 

natriL horizon primarily alongorinto an underlying argillic 

le:er 0yrce along horizontal
vertical faces of pads )ne to a 

faces. 

certain requirements
lnt&fln.cring cf alb-Ic ,.' tLl:As inLeet 

is 5 cm or !-or,.- :'c such as (a) lh lf or
in a norizon that 

more
 

e .g._lic or natric horizon,

of the matrix consists cf peds cthu 


the ? .r on vertical faces,

(b) 	 albic materials arc thick,.r 

are too thin to be tongues, and c':) ciay skins are present in 
but 


the pedo.
 

ealso meet certain L.:lor requirelents.!Jbic ;raarlals 

- T'ie- r. either (a) clay 	minerals
WMAThEPBIEM BI, EPALS 

the aluriinun interlattic,. cl:. :vep-consistinc of all 2:1 


Lrc not of clay size

layered chlorite u't includ'.s otbers 2.I:it 


to 0.2 nLin inm'!tcr) such toi feldspars, felds
minerals (0.02 


.;Ar-; mica3, zeolites,

pathoids, ferromzgnesiJc. rinurals, 	 and 

apntite.
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INTRODUCTION:
 

This soil temperature and moisture regimes discussion is based
 

partly on discussions by Dr, Guy Srith in rcesf.onse to questions
 

assembled and asked Leoaixj thn.± for
by Dr. on "otionale Soil TaxonoY.
 

The discussions from to i 1. were first o'ublished
took place 1977 .1d 


in New Zealand Seil News and later iii th..z U-ted States in Soil Survey
 

Horizons. Soil Taxonom,. !tgef irovided mo'at of the remaining source
 

material. The objective of thi- prc--sentation is to discuss the general
 

rationale related to the u~e of moisture raL temperature regimes and
 

how they were placed into tic frame\:ork of Soi.1 Taxonomy.
 

The question has beeii ashed .Thy c1>i-ntlc parameters, moisture
 

and temperature, were used i-. Soil T:w..wv.r5 ,hen these are considered
 

by some soil scientists as factor:s s,:i:,r.ql to the soil. Dr. Smith
 

granted that the moisture rgiane re!lat-:, to climate Imperfectly, 

pointing out that on a given farm, some soils tre wetter than others. 

He emphasized, however, that soil moisture V iYns strongly influence 

soil development and thus their properti. to '- pointed out what we 

commonly observe---that both moisture ancl t :.t.rature generally determine 

the vegetation to be found in a given Iocnle. In addition, he noted 

the importance of tenperat;Le on the rnt. of chemical processes and, 

thus, on the rate of weathering of ini i:r.J.s in soils. We recall from 

basic chemistry that an increasu of ID*C ioubLes the reaction ratn of 

substances in solution, By this chumicnl r,:iatlonship, temperature and 

moisture are both directl' iviplicatud o.zz! JennyIr -i.atharing. 

rucognized thcse ideas anli listd climnt a , one oZ the factors of roil 

formation. This relatus to a basic a:,su%..tion used by Dr. Smith in 

Soil Taxonomv. That assumption is that p*_.'.....-ties that result from 

genesis (such as clay skins) or are factcr in genesis (such as climatic 

factors) which are causes of other proptrties Lre the factors that 

should be used in the definitions. As u_ 1.7ill see later, these properties 

were considered imortant enough to be uo.:.d at very high taxonomic levels. 

Moisture nnd temperature are, to a Thr,, degree, interdependent 

in their inflzicce in soil science and in nature generally. We will 

eventually discus3 their i.ateractive i,'.flC , omewAiat more sp~cifically, 

but before we do that, let' conid, h. tiky are used individually as 

criteria in Soil Taxoncmy. 

I/Paper presented at the Xi ter . "ruti on Soil Taxonomy and 
Agrotechnology Transfer, Phil ipinua. 

http:s,:i:,r.ql
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Soil moisture regimes are based on the amount; of time and the 

times of the year that a portion of the soil, defined as the moisture 

coutrol section, is moist. The moisture control section is an 

arbitrary index depth used to compare soil moisture regimes. In a
 

given soil, the moisture :ontrol section is defined as the depth 

between the :.ower boundary of wetting by 2.5 c-,iin water 24 hours on 

a dry soil and the lower boundary of watting by 7.5 cm of water in 

48 hours, also on a dry soil. This genurally quates to depths 

between 10 and 30 cm for fine textured suils (fine.-loamy, cc.qrse-silty, 

fine-silty, or clayey), betweun 20 and 60 cm for coarse-loamy soils, 

and between 20 and 90 cci for sandy soils. 1%ese depths can be estimated 

from water retention and porosity data. 

Spcific criterin for thu moisture re±gimnes defined in Soil 

Taxonomy list the number of days arid the times of the year when soils 

of a given moisture regime ara moist or dry. Only the general concepts 

are listed herei 

1. 	 Aquic - in most years, thu so:'.1 is saturated with oxygen

depleted water during part of the ,rowing season; peraquic 

if a continuous condition (such as tidal marshes). 

2. 	 Aridic (also Torric) - moisture control section dry most 

of the ?rowing season. 

3. 	Udic - no part of the moisture control section may he
 

dry for more than 3 months, cu-ulat!ve. The most favorable 

for plant growtths perudic if a continuous condition. 

4. 	 Ustic - moisture control soctfio. dry in some parts more 

than 90 days; cumulative. !ntermediate between Udic and 

Aridic. 

5. 	 Xeric - ilea it_.rranean Climates (dry during the growing 

season),
 

Let's look now at the soil orders anO suborders and observe 

where the moisture regimes are used.
 

Alfisols Oxisols
 

Aqualf A'quox
 

Boralf s Torrox
 

U talf s Hurox
 

Xeralfs Ustox
 

Udalfs
 

Aridisols Spodoc1ols
 

Argids \Luods
 

Orthids 	 7errods
 

!Hunods 
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Hollisols Utisols 

Auolls Aquults 

Rendolls Huults 

Xerolls U.dults 

Borolls U-tolts 

Ustolls "Zrults 

Udolls
 

Vertisols
 

Xeorer ts 

Torrerts
 

Uderts
 

Usterts 

Because of the largo influence .' a rufuc ing moisture rcgime cn !I 

soil, in orders where they occur: the aquic nuborder is listed first in 

the key. Looking at other orders, -ne.f thiu, Aridisols, is defined 
primarily by moicture regima, ;1c±stur- r- .i other thmi aquic play 
a major role In the definitons of . of si.x additional orders. 

Histosol suborders are prii-u.rily baLsod oo .- ree of decomposition and 
are, as a whole, fonerid unj :r :joi-,t ct ',. so again moisture is 

involved. 

Since Enticols and Inceptiscls are highly developed, except 
for Aquepts and Aiquents, subor(irs are base' on properties thac cause 
them to be l;-as developued. t#icture regio hcever, are used at the 
great group level, For !xau.le, " '".cT.rochrepts,Ustorthents, 

Torriorthents, etc. 

We have dencrihb.d thL. cen tral ro-li t.: !.:oil moisture plays in 
the framework of Soil Tnuwoin,,. Now let', look at the role and 

definitions of soil tuni.uratur- regimes. 

Perhaps temperature more directly cfficts the biology and 
chemistry of the soil than moisture bec.c-uis, -,Jven adequate moisture, 

temperature dulicits length of gro%,in ' ns, rates of soil 
weathering and microbial activity. A c;ic-Won an expreused by 
Dr. Charles Kellogg (194 1). . wrotu thec cli ' ;-e within the soil 

is unlike that above the soil and that, loosely speaking, as the 

climate "enters the soil', it iu iod f'.d -I, soil conditions. Soil 
temperatui'es, although difturent fi'on :fi tv - ratures as Dr. Kellog 

pointed out are, however, LrionLl' J - uithi'.1 practical limits 

from air tur. erature data, 
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The authors of Soil Taxonomy verify thu degree of modification
 
from air to soil temperature in some detail by graphic and tabular data.
 

They discuss daily and seasonal fluctuations, the functions of soil 
depth, soil moisture, soil cover, slopt, and variations due co
 

latitude. From this knowledge, they point out relationships that we
 

find used in the rationale of soil ttnP)L!raturu regime definitions.
 

Air temperatures are useful to esti.u.te so.J. temperatures 
 if they
 

cannot be measured directly.
 

Since the soil temper~aturo gradic'nt is cssentially linear in
 
the upper meter and temperaturus at 50 cm fluctuate little relative to
 

diurnal air temperature fluctuations, 50 cm uas chosen as the soil
 
depth on which soil temperature regimes would ba based. Temperature
 

regimes are based on mean annual tcip-ratur,-s ,-nd differences
 
between winter and summer mean temperatur ):;. "I\o generally parallel
 
groups are defined, those of th: temnerate Legions where summer and
 
winter temperatures usually differ more 
 thma 5'C and those that have
 
little (( 50) seasonal fluctuatin, nei:-b ±n the intertropical zone
 
(denoted by the prefix "iso 1 1). The genrraiized definitions are:
 

1. 	Pergelic - continuously fruzun.
 

2. 	 Frigid/Isofrigid - mean annua! tt pcrature(8*C. 

3. 	Cryic - temperature is essentially isofrigid but varies with
 
' 
"0" horizon c ver and moisture,
 

4. 	Mesic/Isomesic - mean annual teuperature is equal to or 

more than 80 C but 1,ss than 15'C, 

5. 	 Thermic/Isotherujc-maa annual tctri;erature is 15*C or more 

but less than 22'C. 

6. 	 TIypertheruiic/Iso!lypcriermic - rmear annual temperature is 

22c or higher. 

Examples of temperature variations :n locations at different 
distance fru the equator are shown in Table 1. The similar mean annual
 

temperature in the central United States 
ad Ecuador but with different 

sumer and winter tuorperature patterns u qi)hasuies the utility of iso 

temperature regimes. 

'fable 1. Comparison of Temperature Rangui; L:. Latitude. 

~~EAN:MWAN Tuip.
CITY MI1D STATE 1,AT' I&I1U.4L J0. JULY ' REGIME 

__ ........ DEGREES G .
 

Omaha, Nebraska 	 41012?i Ii - 4.6 25.6 Mesic 
Key Wst, Florida 24 031',Y - 21.0 28.4 Hyperthermic 

Manila, Philippineo 5 25.1 27.3 Isohyperthermic 
Cotopaxi, Ecuador 0C' 10.39.8 Isomesic 

http:I&I1U.4L
http:esti.u.te
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The concept of iso temperature rej>imes was drawn from the
 
experience that limitations on plant growth are quite different in 
the intertropical regions from those of the temperate zones. 
 Dr. Smith
 
explained that cessation of plant growth in temperate regions is 
determined by tenperature, whereas, in int-rtropical regions, it is
 
determinad by moisture. Soils area- wichin Iin plant growth is
 
controlled by temperature 
 receive large o "ilc rmatter "flushes" at
 
about 
 the same tine of the year. in the Intetrc;pical areas with udic 
moisture regires, on the other hand. orc.:.,c mttar is added eve'ily 
throughout the year. Dr. Smith felt that .herc were different genetic
 
effects of a large avotuit af organic vatt-r coming over a short period. 
and the same amount comin- over a full yen--. ince there may also be 
cessation of plant growth in ustic r)isturo r:-.ifes in the tropics
 
(moisture control of plant 
 ;roth) with .±Wi.ar resulting organic
 
iatter "fluohes'" the Tropic Qreat 
 grou7s ore primarily restricted
 

to udic 
 moisture regimes, althou,'h there eire fow uxceptions. 

The selection of the te per..t,_-_ critearia was based on
 
isotherms in the United 
 gtatos t,: cji*.c7,;K. ;-ith growth of certain 

d0comercial crops. The t,_.:,,rraturo i:;rt: rr genera.lly separates 
winter and spring wheat gro,.'.tiv, areas an, A-ic areas between where corn 
(maize) can be groom for -rai,'i and .ihere 2t c..:n be grown for silage
 
only. Cryic soils werc- !cperated vith tCz Cth[,oht that they were 
 too
 
cold to be cultivated. 
 The 13" iltai, x;.: chosen because that isotherm 
is the northernmo. limit of whc:re cutteyn is ' ron. The 220 isotherm
 
is the nerthern extent of the citrus 
ax, <,in,'.r vegetable belt. For
 
convenience, the same 
 rTlan annual tem!pern.:.- limits were used for
 
the isotemperature re! 
 es. 1hun S1 m.1' _ytas published, the 
limits also seemed reisoraLl! for the Irtart-ogical region. Since mu're 
experience has bean gained, .t n7)pears P.,rt .DJ might be a better break 
between isofripid and isoiusic. :t al.,i .''azs that hyperthermic and
 
isohyperthermic regites could be 
 Another 

separate a higher teryperature regime *'x,-.:ho Avc) 

iobi:'. su g.estlon is to 

at 200C. 7he 
placement of teperature repimes within L x !uborder and great framework 
of Soil Taxono-a can be understooI by o'u::rving -jhere formative names 
denoting temperature reir.,.ea occur oi, pa,,e, .6 and 57 tables of Soil 
Taxonomy. Table 2 su m,rizes those suborduro and great groups. 

http:reir.,.ea
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Table 2. Soil Temperatures at the Great Group Level
 

Alfisols 
 Ince-tisols
 

Tropaqualfs Cryandapts
 
Boralfs Cryanquepts
 

Cryoboralfa Tropaquepts
 

Tropudalfs Tropaquepts
 

Cryochrepts
 

Trope ts 

Gryumbrep ts 
Aridisols
 

Entisols 
 lnollisols
 

Cryaquents Crayaquolls
 

Tropaquents Borolls
 
Cryofluvent- Cryoborolls
 

Cryorthents 

Troporthents
 
Cryopsaments Cryaquods
 

fropopsammants 'Tropaqucds
 
Gryohumods
 

Tropoliumods 

Cryorthods
 
1'opor thods
 

Histosols 
 Ultiols
 
Borofibrists Tro,-aquults 
Cryofibrists 1roohumults 
Tropofibrists Trooudults
 

Borofolists
 

Cryofolists
 

Tropofol ists
 

Borohemists
 

Cryohemists 

Tropohomists
 

Borosaprists
 

Cryosaprists
 

Troposapris ts
 

Primarily, Cryic and Tropo al. nts occur as part of great group 
names. Trop is also used as a suborder elUIicat ,ith Inceptisols (Tropepts). 
When temperature regimes ara not naried c-" .".tl%-.d in suborders or great 
groups, they are named as part of th. .. ,designation. The soil 
temperature regimes, for a ro% r..,;: itined in families of Cryic great 
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groups. They are, however, named in families of Trop great groups 
because although Trop designates uniform temperatures throughout the
 
year, it does not designate the mean annual temperature grouping (i.e, 
Isomesic, Isothermic, etc.). 
 As with moisture regimes, temperature
 
regimes have a prominent role in the framework of Soil Taxonomy.
 

As mentioned earlier, it is appropriate to discuss soil
 
moisture and temperature regimes together s.ince 
 moisture and 
temperature act interdependently on their effects on plant growth
 

and soil genesis.
 

Some example iiterrelationships follo. The most highly 
weathered soils (Oxisols, Ultisols) occur 
,±'r temperatures are
 
high (thermic or hotter) and moisture regci.c-s aro Udic (and sometimes 
Ustic). Thermic temperatures are Clufficiently high to enhance chemical 
and biologic activity whilt Udic moisture reginas provide ample but
 
not excessive moisture for chemical :ind biologic activity. 

At the cold temperature e;-'i .. r;aiic (continuously frozen),
 
essentially no soil wcath>-.::re, occuiLi be 
 .jc low temperatures per se
 
impede biological activity and Lloisture 
 is io ffective because it is 
frozen. Further, since water cannot mov,, 
 th transport mechanism that 
contributes to soil development is non exiatant.
 

High temperatures (thermic and warr.r) can have no beneficial
 
plant growth influence ;hon nnlsur 
 is li-jitd (aridic). With .,,InI.ItZl
 
plant growth, other biologial activity 
is highly impeded and additionally, 
little chemical activity occurs, ag;ain ,ith little soil development as the 
result. Excessive moisture (aquic moisturc. :-.qimes) also restricts 
biological activity. 
 The result is coneaunly a larger accumulation of
 
organic carbon. An extreme !::pression of this condition may result in
 
the formation of organic soils.
 

As discussed earlier, patterns of moisture or temperature are
 
also important. We mentioned that in the intertropical regions w.here
 
temperatures are warm enough, plants can 
grouY all year if there is 
adequate uoisture but, idhen 
 oisture is limited during parts of the 
year (Ustic), plants grow only when there is adequate moisture (unless
 
there is irrigation). Temperature extremes likewise limit plant growth
 
to warm tines of the year oven though moisture nay be available for
 
plant growth. We also obnerve the 
 'ffects of moisture and temperature 
extremes by evidence of crackinp and alturnat. swelling in soils. The 
evidence occurs as slickensidus.
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To summarize, we have discussed the rationale and criteria for 

soil moisture and soil temperature regimes. !:e also dincussed the 
central role of soil moisture and te:iperatu-e properties within the 

fra-mwork of Soil Taxonomy. We hnve also seen that functions of 
moisture and temperature are interdependent in soil formation and
 

plant growth as they are throughout nnturc.
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I. INTRODUCTIQi'O
 

In soil 5urvey, the surveyor ifleally would record and map 

the values of all relevant properties all over the survey area. 

This is rarely done, however, in actual r.actice for reason of 

economy, time and limited ilanpo,er. lence, soil survey is usually 

simplified by the surveyor by no longer Iool[ing and mapping all 

values, but ::n!y tie class limits. 

In soI survey, the soil map stould have a purpose. The 

map should he2 so.ve a given problen or provide information on 

those properties of the soil that may affect the intended 

utilization of the voil, 

flaving identif.iod the purpo.;e anJ I n)wia,; the particular 

problems, the soil surveyor bgnIr, to Izcrz'ine which soil properties 

or aspect of soilb'bsaviuur causes or . related to the problen. 

These are the propertics ti.-m: shoul :2 naped rather than mapping 

the survey area in intricace detailsn ,::y co find out later that 

the problem io only related to only une :r tw:o soil propert es. 

It is not enough; lio4ever, Lhot _he above requisites are met. 

The surveyor miunst also kraow his ,wn Lnmit .tions. lie should recognize 

that he hiiuscdf, is not sol.ving the -.oAcm. In soil survey, he 

can orly ascertain the deli-eatton inC ,-l!:.-.ributicn in the survey 

area of the desiid soil propertues t!u. r.. related directly or 

indirectly to the problei,. :1e rc:,rds ,roprties and present): them 

-/Paper presented at the XIV Internation,3. !'c r1u on Soil Taxonomy and
 
Agrotechnology T'ransfer A°,f, cg.- 1986,
for the - egion, June 16-28, held in 
the Philippines. 
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That map becomes a
 
using a classification map and the legends. 


.olvergeto the information
tool with Phich the probleimeans or a 

to the 
about the desired soil conditioijs w:ithout actually going 

see for himself.
problem area to 


AIALYSESII. TilE NEED FOR SOIL 

Iv-levant soil properties for survey purposes 
are quite
 

and many of them can only
expensive and/or laborious to deterwine 

cu. ie the surveyor
be determined in the laboratory. The jata Till 


scil clas: boundaries czf .:rwards.
to inLerpolate 

There are tneII-" ueLsC o soil. an'tyJes. It. is used in soil 

soil resource, in evaluating soil 
surve2y, in the inventory of 


in soil genesis, 
 in soil fertility, etc. 
limiting vr,),cetic: 

with soil aurv!ywe relate soil analysesFor our pwrpose; 

We usa cil] analysis to characterize
and clasc,.fication. 

i ost of the mapping units.soma or
th,- p:opertic efquantitatively 

data are 
also aliust iiLs survey proc'dur,'3 if laboratory

Ona can 

thc start of th'.t survey, 7n actual survey the 
available Lefore 

:s eci% soil propertiesen
data can be used to esccablis! relnt shi t

and the landscape.
 

dace art also usefu!. iiiarriving at correct 
Soil laboratory 

various so4i classifiC3tion systems.of soils inclassification 

well asida ivaiuation as
The date is also u~cd in ,,ar 

of the land.capabiluity cla,,lfi:::13uin the davelo2mynL of 

In land resources :lrvcntocy. soil lLor. tory -:ata can be used 

hich will help prdict
propertyv i,. tei-r..,lat~c skisto develop soil 


another property of the solJ (Eswasr' I,77:
 

III. 	 KUTDS OF ANALYSES 

the types of analysesand kind of survay dictatesThe purpose 


to be done.
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Ewaran (1977) identified threa classes of soil analyses in
 

relation to the purpose of the survey Clasc I are the analyses required
 

in Soil Taxonomy. Claca U ara the avalyses perforuad for specific 

purposes or problems, and Class III for enctLic studies. 

Tables 1, 2, and 3 enumerates the types of laboratory 

analyses in riclaLion to ,urvey objectives. 

Table I. Class I. 	 Analyses required i.:. Soil Taxoncny (Eswnran, 1977). 

IA. General aiialyes raquired, :i1. horizons on all profiles. 

1. Particle size dLvtriLutijn by pipette method 

2. [ : . -, carbon, i rc . 

3. Cation F-'change 	 Caac§;y (il.OAc p1l 7) 

4. 	11.changcab.: bases (Ca. 11g. Na, ',, 

H ul~ H..-' :.nd it' "[ I 'I-.!) 

I!t KC1 -- exrractab!: 	 A1 

7. !aCi,. tricthanolaL;i- ,' [:.2) 1+ 

ClID xtractabieU, - Fuc*J, 

IB. 	Analyses requiredi oa i .v cU profiles to test 
specific requirmnlcft: ,l 5nil. 'Loo 

1. U0k denilty - for tl,- /L.ndjtc and the "Hum": sub.

orders 	 and CC
 

t

2. p" in it ' -. ,ndn' x ml Spidosols 

3. 15 bar water -. cuw-a-. J.s, Aliisols, content 
Lltisolr and Oins] 

4. CUI by 1;1 . , S 

5. COLE value -S 7uic sc: 

6. Con,,u :t.,.vity • ,_l ,:_,s ,m : famnilies 

7. CaCC 3 , CaSO. :r...,s .;Al.isoIs 

IC 	 Analyrcer rcqu.ired ,w, c, V :..r ctnd horizons to test 
specific rofuir'.criLs ol Zil Txonoiny 

2 	 ;:,nthi oplc epipedon 

2, p E'- .. ] Spcdic horizon 

3. Fiu,i'cr)Zi,; ci:,.C; -. /xrgillic horizon 

4. Mineralogy of clay -. Argillic horizon 

5. 11ntcralorj of Fine ,;':.'. Soil families 
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Table 2. 	Class II. Analyses perforoed for specific objectives
 
or problems.
 

IIA. Physical and engineering properties
 

1. 	Infiltration rate 

2. 	 Permeability 

3. 	Available water
 

4. 	Bearing capacity
 

5. Other 	 engineering -.roperties 

IIB. 1. 	Salinity, alkalinity
 

2. 	pU fresh:, dry or with oxidisers 

3. 	 To'.. -'b:tance:j (arsorie. Eoron nickel, 
(hz uiu:;. sulphic.u, Iron) 

4. 	 Ftility..rlated propities empluying different 
kinds of cxtrauct:: 

5. 	 EL 

IIC. Chemical propirtios on water at site or incoming water. 

1. 	Suspended solids
 

2. 	Dinsolve J r-zls (.lectric SAR) 

3. Tonic 	 substances (E, 1: YJ, Cl S CO
34HCO3) 


4. 	pH
 

Table 3. 	Class III. Analyses performed for genetic studies
 

1. 	Fxtraction of iissolui'ioa tcchniques
 

2. 	 hinralogical 

3. 	 iicromorpnolog.ical 

4. 	ZquilibraLion
 

The above 	 are pefforinAwd in acdi.Li-n, to sovie or all of Class I 

and 	II analyses.
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IV. SOIL ANALYSES IN THE PHILIPP.-MES 

Soil testing started in this country in 1939, in the
 

Divisior. of Soil Survey and CoLervation, now the Bureau of
 

Soils. The kind of -rmakyses were concerned in the determination
 

of total nitLrogen, phosphorus and potassium. The data were mostly 

used for soil survey znd for soil fertility assessment.
 

Rapid coil testing for soil fertility assessment was 

initiated in 1947,
 

In 1963-196L, the Soil Fertility Survey and Research 

Project of FAO/UNL?4- - introdilcxd o.,'e.nytical changes but 

mainly for the assecsmcut of :'o.l fertility. Howaver, this was 

followed by the sail Eurvey classification project of the FAO/ 

UNiDP-.BS in t969-19Y2. The aniJyti::ad. :rocedures began to be 

modified/introuced for survuy na classification purposes. Upon 

the termination of the toil survey ani cir rsification proJect, 

it waU '0lls0!1d Ly the Soil ad ",uid -.' urces Appraisal and 

Training Project ir, 1974-i.76 ntll ud,.r tie FAO/UNDP--BS. 

The establishmnent of regional and provincial soil 

laboratories that stab'td in 1 (, co: ,,inuedto 1978 that resulted 

to 36 soil laboratories distributzd tt:. cughout the country. 

It i7as in 197&- 7 that nnaOytica. procedures as pr,scribed 

in Soil Taxonomy wace ji"MdaJly iatroduc d in this country. This 

was the beinning of th, ;ensratioa -f soil data for taxonomic 

classification in the Philippines. 

WJhen thL lazt F-*AO/UI-T, iproi -. compIcted in 1.978, a more 

or less complete out of soil surv,-',' 3lr,-.n tory instrum.ents were left 

to continue tho project.
 

Witih time, however, nany of the trained personnel to handle 

the instruments hiave eieLlIr retirue cr zezigned and ince then the 

training of laboratory plrsonnc. wri .f. $ stani-still. Personnel 

http:1974-i.76
http:UNiDP-.BS
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were only taught how to use the equipments by rarely how to maintain
 

them. Worst, many of the. models are phased out so that spare parts 

are 	difficult to secure. To continue te use of the equipment, one
 

or two of the same instruments were ds-assembled and used as source 

of spare parts to iaike the others \r-ob'i. The process continued 

until only very few ara nci lef:t worPJ.rig. 

Eswaran (1977) listed th. cs .,ntial equipment for a soil 

survey laboratory includes (a) AA sp' ctrophotolnetar (b) spectro

photometer (c) p1l ?r tzr, (I) C mettrs, (e) balances, (f) hot 

plate, (g) stirrers,, " '..ater-buth, """ oves, (j) furnaces, 

(W) glasswares.
 

All of these arc provded in ;ha central soil laboratory 

at Manila including somc optional equi,.;aent such as; flame 

photometer, cnttrifugc and such cx,enuJvoe instruments as the 

X-ray diffractomoeter, DTA--'_CA therrmo'.ayses. We also have 

complete sets for the :ctcxr.,Lvition jr particla size distribution 

by pipettv and buoyoucous methcs ee for aggregate6s set 

stability dctermnnation, hydy-.aulic -:?.,i'h.uct:Lvity and ever. a 

polarizing microscope. Nbhod,,,'ouU at familiar now in the 

use of theca sophisticated instruinrts. 

V. CONS'IRAINT, CL! SOIL AMNLYSES 

1. Lach of qual:L.* r" oratory pouml.
 

2, Phohibit;.v cot. af :h,f cais.
 

3. 	 3an on :urchase of new uquipmaiit, 

4. 	 Phased..ouL modlcls cf instcumun to n lack oE available spare 

parts. 

VI. CONCLUSIONI 

Soil anlyscG for soil ,,urvy a,,d classification has been 

adequately started ±n thi,&country foi saaetime. ilost if not all 

of the necessary analytlcat !F:::rurnunts are available, Iowever, 

there have been limnltd su'pr,-t fc:- tlh maintenance and the expertise 



Soil laboratory analysis.. .7 

to handle the instruments have wnned so that some of the more 

expensive ones are sti.l in good unc but nobody to operate them. 

There, is therefore, a need to train laboratory personnel
 

not only on analytical procedures and t-2chniques, but also 

technicians to operate and maintain t.e instruments. 
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INTRODUCTION
 

Although a useful and necessary component of soil survey report
 

is profile description and soil analysis, many reports tend to omit this
 

information. In some cases no analyses were performed due to lack of
 

facilities or the analysis were not complete at time of publication of
 

the report.
 

As the soil report is the only means that the soil surveyor has
 

to communicate his findings to the users, it is necessary that he
 

defined his units in the most unambiguous terms. Soil analyses aid him 

to do this and the quality of the report is greatly enhanced if all 

his mapping units are described in morphcbgicl, geographical, and 

physico-chemical terms.
 

Thore are few guidelines to assist the soil surveyor in deciding
 

the number of ped&'-s to be described and analyzed, the type of analysis 

to be performed, and porhaps also the use of this information in his
 

report. This contribution attempts to ev.iluate some of these questions
 

and provide some suggestions.
 

WHY SOIL ANALYSES 

Soil analyses in soil survey reports are included to define in 

numerical terms the physico-chu.nical properties of the major soils 
of 

The morphological descriptions and physico-chemicalthe area. 


properties are considered to be representative samples of the area,
 

the behaviorthe measured properties are nxtrapolate.1 to generalize 

or response of -ft soil to sgecific uses.
 

I/	 
Paper presented at the XIV International Forum on Soil Taxonomy 

and
 

Agrotechnology Transfer for the ASEAN region, held in 
the Philippines.
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The 	several different uses of soil analyses are:
 

In 	Pelation to the Soil Survey Reports
 

1. The characterize numerically t e properties of some or
 

all 	of the mapping units. If some data are available 

at 	th(. commencement of the survey or during the early
 

part of the survey, they tnable the surveyor to 

calibrate himself. At the end of the survey they 

enable him to estab'.ish relationships between soil
 

properties and other morphological and landscape
 

parameters.
 

2. 	To aid in the correct classification of the soil and 

enable chers to placethe soil in other taxonomies. 

3. 	To serve as a basis for more detailed evaluation of the 

soils- preliminary information on nutrient, physical, 

or other limitations needed for developing a capability 

classific-ition may be extrapolated from such analyses. 

In Relation tn Develjpinq a Resource Inventory of tht Region 

or CouTItrv 

I. For correlation purposes, it is necessary to build up 

a soil data banl. Creating new series or grouping old
 

ones is then done on a rationale basis.
 

2. To use in other areas where no data is available but
 

physiographic conditions indicate possibility of similar
 

soils.
 

3. 	To develop soil property interrelationships which enable
 

one to predict a property which is difficult or
 

incovenient to measure.
 

In 	Relation to Evaluating Limiting Properties
 

I. Tu determine levels of elements which may be toxic or
 

deficient or levels of soil cnditions which may be 

limiting to use of the soil. As the surveyor is 
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frequently called upon to assess the potentials of the
 

soils, he needs these limits.
 

2. 	To delineate soils which require various levels or
 

investment for their economic utilization.
 

To 	Relation to Their Genetic Properties
 

1. To aid in an understanding of their composition and
 

formation. These investigations are generally the most
 

comprehensive but in some cases tend to deal with the
 

unique or the obscure.
 

To evaluate the changes induced by management practices
2. 


and thereby determine optimil types of management.
 

TYPES OF A14ALYSES
 

The objectives of the survey determine the types of 
analyses
 

ito classes (Table 1)
to be performed. Soil m-alyses are jrnuped 

to reflect thesa objectives.
 

Class Ia analyses are those which are necessary to 
classify
 

the soil in most tax-nomies and fcrm the minimum type of 
analyses that should
 

scme cases Ib or Ic analyses
accompany profil6 descrintions. In 


some 	 of the latter may be made 
are 	necessary but an ustimate of from 

Ii analyses. Every soil survey laboratory must be quipped to perform
 

most of all of Class I analyses.
 

The 	number of
 Class II are perfor-med for special surveys. 

samples is usually large and simples may be taken 
at specific depth 

Auger soamples :r, generally employed and 
intervals in the soil. 


areas mrnyiI- bulbed t) reduce sampling error.

samples from unit 

Single property maps are based on such data. 

soil 	survey reports
Class III analyses Fenerally d not .tpear in 

of LDCs as these are considered "acidemic". 
These studies are useful
 

build up classification systems.
to develop concepts anr 
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Table 1. Types of analyses in relation to objectives
 
CLASS II 
 CLASS III
CLASS I' 


!ANALYSES PERFORMED FOR SPECIFIC;
 
ANALYSES PERFORMED
IOBJECTIVES OR PROBLEMS. (GENE-
ANALYSES REQUIRED BY SOIL TAXONOMY 
 , FOR GEhETIC STUDIES'RALLY PERFORMED ON SITE, OR ON 

,UNDISTUPBED SAtPLES OR ON 

!AUGER SAMPLES.) I 
engineerng
a. rnysicaf at, 


General analyses required on 
all 


a. 

horizons on 

all profiles
 

1. 	Extraction or
1. 	Infiltration
Particle size distribution
1. 
 dissolution
2. 	Permeability
2. 	Organic carbon, nitrogen 
 2. 	Mineralogical
3. 	Available water 
3. 	Cation exchange capacity 
 3. 	 Micromorphologi4L. 	 Bearing capacity0 	 OC' PH 7) 4. 	Equilibration
Other engineering
Ca, 	11g, 5.4. 	Exciangeable bases: 

properties
Na, K 


H20 and Il KCI (I)
5. 	 pH in 
6. 	IN KCL-ixtractable Al 
7. 	BaCI2 - triethanolamine
 

(pH 8.2) H'
 
8. 	CBD-extractable .Fe203
 

(The above are per-
Chemical properties on 
b. 	Analyses required on a few b. 
formed in addition
soil
selected profiles to test 
 to some or all of
 

specific requirements of Taxonomy 

Class I and II
 

1. 	Salinity. alkalinity
2xamles in 	 analyses.)

2. 	pH fresh, dry, or with 
Taxonomy where 
 oxidisers
 
3. 	Toxic substances
required 


(Arsenic, Boron, Nickel,
 
1. 	Bulk density Andepts, 'INma' 

Chromium, Sulphides,
suh-orders and 

Iron)
Gr 


And.pts, Spodosols 11. Fertility-related
2. 	 pH in IN HaF 

properties employing
3. 	 15 bar H20 Inceptisols, Alfi-


different kiidds 
 ofsols 	rUltisols 
extractants
Oxisols 


5. Eh

4. 	CEC by III Oxisols 


NHI,CI
 
5. 	COLE value 'ertisols, Vertic
 

Sc 
6. 	Conductivity Aridisols, some
 

families
 

7. 	CaC03J C-.SO4 Aridisols, Mollisols 

Chemical properties on
c.

[nalyse3 roquired on a few selected 
c. 
 water at site or incoming
 
horizons to test specific require-
 water
 
ments of Taxonomy 


i. 	Suspended solids
 
I. 	 P205 Anthropic horizon 

2. 	Dissolved salts
 
2. 	Pyrophosphate-


(electric, SAR)
Snodic horizon
extract'±le 

3. 	Toxic substafls
 Fe, 	t.1 


(Boron, Ma.gnes±um,
3. 	Finc/coarse Argillic horizon 


Lithium, Cl-, S04-,
clay ratio 

CO3 , HCO-)


4. 	Minerilogy Argillic horizon 

4. 	pH

cf clay 
Soil families
 

of fine sand
 
5. 	Minerology 




Soil analysis...5
 

NUMBER OF PROFILES OR HORIZONS TO BE ANALYZED 

The number of profiles to be analyzed is a function of the scale 

of the map and thd objectives of the surve. Table 2 attempts to 

determine the basis for selection of profiles for characteriz"tion and 

the types of analyses to be performed. Profiles are selected to show 

not only he basic characteristics but alsn the range in properties. 

Most profiles arc sampled to a depth of 2 m unless particuhar
 

soil conditions or objectives require shallower or deeper samples. 

The normal procedure i to sample morpho-genetic horizons and when a
 

horizon is thicker than 25 cm, one sample is taken for each 25 cm.
 

CONSIDERATIONS ON COST OF SOIL ANALYSES
 

Many a soil surveyor hesitates to send in soil samples for
 

analysis due to the costs involved, particularly if done by a
 

commercial lab. This is a limiting factor with respect to the
 

number and types of analyses.
 

Cost of soil analysis must be considered in relation to:
 

1. coist of the whole soil survey, and
 

2. cost of develonment of the area
 

Cost of the soil survey is indicated or, a ha basis and in many LDCs,
 

this does not exceed 10 or 20 cents per ha (for a map of 1:63,000).
 

No estimate of cost per ha c soil annlysis is available but this is 

not expected to he more than 10, of the cost of the soil survey. 

However, both the cots re a small fraction of the total developmental 

costs of the area.
 

For example, in M1alaysia it costs about $500 or ha to bring
 

an area into rubber or oil-palm. The be;efVs accrued due to the
 

recommendation of the soil survey for outweigh the cost of soil
 

survey and soil analyses. Consequently, cost of soil analyses should
 

not limit the number or types of analyses within the limits suggested in
 

Table 2. Obviously a survey can use analytical data obtained in earlier
 

work.
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QUALITY OF SOIL ANALYSES
 

Quality control is very important and there are several ways
 

to attain this:
 

1. 	Inter-laboratory cross-checks,
 

2. 	Sample duplication, and
 

3. 	Statistical approach.
 

I and 2 are followed by some labs. Quality control deals with
 

not only the laboratory but also the surveyor. When the same soil
 

series is identified in different parts of the country, it is
 

necessary to verify the similarity of their physico-chemical properties. 

The coefficient of varihtion (CV) is a good parameter to evaluate this. 

The acceptable CV is determined to a large extent by the property in 

question. Beckett et al. (1971) have provided some levels. 

SOIL ANALYSES IN LDCs
 

Constraints to Good A-alyses in LDCs
 

Many soil data from LDCs tend to be less reliable for
 

several reasons:
 

1. 	Lack of qualified lab per;,onnel. Training of lab
 

personnel in analytical methods should be an equally
 

important contribution of aid programs. FAO personnel
 

in Thailand, faced with this problem, haVe organized
 

in-service training programs and provided a manual
 

which gives all details.
 

2. 	Equipment. Twc situitions generally prevail. If there
 

was a technical aid project, the labs are equipped well,
 

but as lab personnel are not trained to maintain equipment
 

and spare parts are difficult to get, the equipment is no 

longer used ifter the deaarture rf the experts. In the 

absence of a foreign project aither the labs are bare 

or stocked with the most fancy equipment. However, a 

survey by FAO of more than 225 labs in LDCs (Brogan et al., 

1965) indicated thit Tmost of the labs were well equipppd to
 

perform the general ina]yses required for soil surveys.
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Table 2. 	Selection of profile for analyses and types of analyses to
 
perform.
 

KINDS or 	 'scALE PUBL.; SELECTION OF PROFILES ' TYPES OF 
SOIL SURVEY, MAP 	 FOR ANALYSSES
 

Class A (1:7,920 Minimum one per taxonomic unit plus All or part of 
other samples to show limiting or Class I or II 

specific characteristics 

Class B 7,920 - !1inimum one per dominant soil series All or part 

24,000 or equivalent of Class I or II 

Class C 24,000 - Dominant soil families or equivalent Class Ia with or 

62,500 without others 

Class D 62,500 - Dominant sub-groups or equivalent Class Ia, Class 

250,000 III with or 
without others 

groups or 	equivalentclass E 	 250,000 - Dminang great 

500,000 

Class F >500,000 Dominant soil orders or equivalent
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,AREA ' NO. AVE- EXCHANGE ' ' ' ' , 

OF SURVEY AND REFEZENCE ,REAS MAP of ITEXUE ' pH PROPERTIES 'B.S.! H,- ,XPETNSRGE 

t 2) SED +' O UA 1 - 'M C BMFe
 

PED0NINTUSDAHgKCI1OTHER'CEC'Ca'N: ,Na,'Kl, _ -


Philippines (4) 200,000 13430 0/36
 

Bangladesh (1) 126,000 3000 23(5) 4 X X X X X X X X
 

Thailand (2) 100,0LO 4100 19(23) 5 X X X X X X X X X X X X
 

Malaysia (3) 126,000 800 8(23) 5 X X X X X X X x x x
 

Sierra Leone (5) 50,000 2590 14/16 3 X X X x x x x x X x
 

Lesothc (6) 250,000 30344. (20) 3 X X X X X X X , A x X X
 

Usutu Basin. Swazilr-bd (7) 50,000 910 -- X X X X X XXXX X X X
 

Songhor ;rea. Kenya (0) 50,000 526 (41) 7 X X X X X
 

fAntsohihy Madagascar (9) 20,000 10000 (30) 3 X X X X X x x x x x
 

+ umerals in brackets give the nwbi r of qapping units in legend. 
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Types of Analyses
 

Table 1 lists most of the analyses employed and procedures
 

are given in the manual on laboratory techniques (Soil Conservation
 

Service, 1972). There is a trend in many countries to adopt most of
 

these methods, perhaps hecausr -they ha.ve stood the test of time. 

However, there are local modificitons which one has to be aware of. 

The dan.er comes when the lab uses the name of an established 

method but a totally different procedure. For example, free iron 

is usually determined by the CDD mathod. There are reports where 

free iron is determined by: (a) Deb proco;dure, (b) a 6 1. HC1 

extract, or (c) /m,'r-.i5um oxaloktc - ox.illr. acid extraction in the 

dirk, in the li§;ht, r with UV light. E-ich of these methods gives 

a different value. There is porhaps a need for adopting conventions 

regarding na~mes of methnd'. 

An Assessment of Published 2oil Survey Reports 

In Table 2 some information is ,,iven on a few soil survey 

repoots of LDCs (randomly picked out, one fro each country). A 

few have Il class Ia analvses- some include other data., and a few 

have none. In sc-ie, pjrofile descrjTins are so vague that the 

anaeytlcal data bec-me less eninful. In one, the profile that 

was described is nt1 th, salne * s th', one -nalyzed' In the same 

report the mdel nrfile was samnled in another locality. In many 

reports, the nrofil desctiptikn and analytical data are addendums 

to the report" reference to these are absent in ihe text. 

The number 0 f prfiles analyzed be:irs no relationship to 

Ir.mapping or Trxonomic units, The numer )f horizons sampled is 

clearly a function of the raininr of the surveyor.
 

CONCLUSION
 

Despite the importance or' s oil anilyseo, in general the least 

attention is difected to thcm. There is i lack of apreciation of 

soil analyses and many soil surveynrs -f LPCs do not seem to be i nform d 

on the irternretaticn that could be made. 
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It will be useful and perhaps a valuable contribution if aid
 

projects are directed to:
 

1. Training r):F laL-ratory personnel in analytical techniques. 

2. Training of soil surveyors, uspecially soll survey
 

assistants, on soil analysces and interpretation of data.
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I. INTRODUCTION
 

The Entisols are mineral soils with an AC profile set-up.
 

They are extensive in the inter-tropical region'and occupy about
 

20% of the earth's land area (Buol, et al.; 1973). These soils
 

show little or no evidence of devclopw:nt of ?edogenic horizons.
 

Horizons have not been forml because ti.ca has been too short.
 

Some of these soils are steep and activ!ly eroding, while others
 

are on flood plnins that frequcntly receive new deposit of alluvium.
 

There are also some Entisols that aru very old, the parent material
 

of w1hich is mainly quairtz or other resistant minerals that do not 

alter to form horizons. However, buried horizons may be permitted 

if they are 50 cm or more deep. They dz- not have the combination of 

pergelic temrerature regimeamn. an Eruic or peraquic moisture regime. 

The Entisols in the Philippines are very recent river 

terrace deposits. They arc the beach sand dunes and unweathered 

or 1ery slightly wathored volcanic a.sh. 

The mapped areas are La Paz, LegaEgi, Quilado, Tamontaka" 

Tarug, TiLvaga, Titay, Villar, Zaragoza, Toran, Dadiangas, Gasan, 

Buguey, Palupandan, Luisita, Z-acolod, Uhgallanes, Magcalum, San 

Manuel, Sara, Silay, Sampangan, Sorsogon, Rugnan, Taal, Tupi, 

Libertad, Guilnar3s, Guinaoang, Ilagan, Lamut, Nirtalonga, Mayoyao, 

Hangalisan, Pacte, Palitod, Paoay, I asonanka, Poguis, Sabanga, 

and Sar Fabian series. 

I/Paper presented at the XIV Internatiowal Forun on Soil Taxonomy and 
Agrotechnology Transfer for the ASEiV-1 region, June 16-28, 1986, held 
in the Philippines, 
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The succeeding material is adopted from Soil Taxonomy, 

pages 197-209.
 

The Entisols are defined as mineral soils that meet
 

requirement 3 and either I or 2.
 

1. 	They have sulfidic materials, within 50 cm of the
 

mineral soil surface, or above a layer that is frozen
 

about two months after the summer solstice. or have an
 

n value of more than 0.7 and more than 8% clay in all
 

subhorizons between 20 and 50 cm below the mineral
 

surface and do not have a permafrost. 

2. 	 They do not have a diagnostic horizon, unless it is 

a buried horizon other thr.n an uchric epipedon and 

anrnropic epipedon, a histic epipedon consisting of
 

organic materials, an albic horizon, a spodic horizon
 

that 	has its upper boundary deeper than 2 m, or the 

amorphous material is not dominant in the exchange 

complex, and may have any of the follming subject 

to 	the requirements stated;
 

* A 	sallc horizon, except that, if the soil is saturated 

with water within 1 m of the surface for one month 

or more in some years and has not been irrigated, the 

upper boundary of tle salic horizon must be 75 cm or 

more below the surface. 

* 	 If *:he soil is saturated with water within a m of 

the surface for 1 month or more when not frozen in 

any part, the sodiui adsorption ratio (SAR) may exceed 

13% (or sodium saturation: 15,%) in more than half of the 

upper 50 cm only if SJ'. .iucreases or remains constant 

with depth below 50 cm.
 



Entisols...3
 

* A calcic or gypsic horizon or duripan if its upper 

boundary is more than I n below the surface (these 

presumed to be buried soil horizons or layers of 

geologic origin). 

* 	 If the texture is loamy fine sand or coarser to a 

depth of I n, plinthitc "may be present in the form 

of discrete nodules or disconnected soft red mottles
 

if it constitutes less than half the volume in all
 

subhorizons.
 

* 	 Buriad d'.%gnostic horizoi)s :ay be present if the 

surface of the buried soil is at a depth between
 

30 and 50 cm and the thickness of the buried soil 

is less than twice the thickn.,ss of the overlying 

deposits, or if the surface of the buried soil is
 

dc. per than 50 cm, or
 

* 	 Ironestone at any depth. 

3. 	If the soil temperature rcr'we is miesic, isomesic, or 

warmer and if there are cracks in most years as wide as 

1 cm at a depth of 50 cia when not irrigated, ,re 

Entisols if after the upper soil to a depth of 18 cm
 

is mixed, have less than 30% or rore clay in some
 

subhorizon within a depth of 50 cm or do not have any
 

of 	the followingF 

* Gilgai,
 

* 	 At any depth between 25 cm and 1 m, wedge.-shaped 

natural structural agpregates that have their long 

axes tilted 100 - 60" fro;m the horizontal; or 

* 	 At any depth between 25 cm anrid 1 m, slickensides 

close enough to intersect.
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Different criteria are provided to separate the Entisols
 

from all other orders.
 

1. 	The Entisols are distinguished from Alfisols by the
 

absence of an argillic horizon, unlcs it is a buried
 

horizon in the former.
 

2. The Entisols are distinguished from the Aridisols in
 

not having the following.
 

* 	 A salic horizon if its upper boundary is within 75 cm 

of the surface and the soil is saturated with water 

within I n of the surface for one month or more at 

some time of the year

* 	 A calcic or petrocalcic horizon, a gypsic or 

petrogypsic horizon or n duripan, if the upper 

boundary of any of them is within 1 m of the surface, 

unless it is a buried horizcni or 

* 	 A camnbic, argillic, or natric horizon, unless it is 

a buried horizon.
 

3. Entisols are distin2uished froLi the Inceptisols by
 

the 	following: 

* 	 They have one of the fc.llon7in. 

1. 	An n value of more than 0.7 and at least 8% clay
 

in all subhorizons butwen a depth of 20 and 50 cm 

below the mineral surface without pervnafrost, or 

2. 	Sulfidic materials within a depth of 50"am below the 

mineral surface. 

* 	They do not have any of thi following. 

1. 	 A mollic, urnbric, or plaggen epipedon, 

2. 	 A histic epipedon consisting of minerals rather 

than organic soil materials; 
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3. 	A calcic or petrocalcic horizon or a duripan
 

if the upper boundary'of any of them is within
 

1 m of the soil surface, unless it is a buried
 

horizon:
 

4. 	A cambic horizon;
 

5. 	A fragipan,
 

6. 	A sulfuric horizon that has its upper boundary
 

within 50 cm of the. :Aineral soil surface; or 

7. 	Sodium saturation that :Lo
more than 15% in more
 

than half of the up,.,r 59 cm, unless the sodium 

sa-uration increasc or remains constant with 

depth or unless thc; soil is not saturated with 

water within 1 hI of the surface for as long as 

1 month at a season i.hcMn the soil is not 	frozen 

in 	any part.
 

4. 	 Entisols are distinguiolhod fron Histosols by meeting 

the 	definition for mineral soils.
 

5. 	To distinsuish Entisols frem Oieols, Entisols must not 

have a m:llic epipedcn. 

6. 	 To dist[iguish Entisols frc i Oxisols, Entiscls Tiost not 

have an oxic horizon and r.uut not have plinthite that

forris a continuous phase within 30 cm of the surface of 

the soil, if the soil is saturated with water at sometime 

of the year within that dea.th. 

7. 	To distinguish Entisola frL-z Spodosols, Entisols iaust not 

have a. spcdc hcrizcn that haL its upper bcundary.within 

2 m of the surface of the soil, 

8. 	 To distinguish Entisols from iUltisuls, Entisuls must not 

have an arrillic horizon, unless it is a buried soil
 

horizon.
 

9. 	To distinguish Entiscls from Vertisols, Entisols must 

have a frigid or colder tem'perature regime, or must meet 

one or both of the following requirements: 

Uk 
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* 	 Must not have cracks that are as wide as I cm at 

a depth of 50 cm in most years. or 

* 	 Either

1. 	After the surface soil to a depth of 18 cm is
 

mixed, have C 30% clay in some subhorizons above 

a dcpth of 150 cm: or 

2. 	Do not have gilgal. do not have a slickensides
 

close enough to intersect, and do not have
 

wedge shaped pods that have their long axes
 

tilted 10" - 600 fro-m the horizontal. 

II. MHE SUBORDERS
 

The Entisols have five suborders. They we the Aquents, 

Arents, Psamments, Fluvents, and Orthonts. 

The Aquents as the taxon ::Aqu ; indicate, are the Entisols 

that have aquic or Peraquic soil moisture regime. They are 

continuously saturated with water, such as those in tidal marshes, 

in 	 deltas or soils saturated at sicae timzn of the year. 

The 	Arents are the Entisols that are dc-prived of horizons
 

because they are deeply mixed by licwing. spading or movement of 

human activity. Unlike the othor suborders, the Arents do not
 

have great groups and typic subgrnup.
 

The Psammunts 3re the Enticols that have, at a certain depth, 

35% by volume of rock fragizents and have a loamy fine sand or 

coarser in all subhorizons. They aie -ourly graded (well sorted) 

sands of shifting or stabilized sand dunes. When dry and bare, 

they are subject to blowing and drlftin, and could hardly support 

wheeled vehicles.
 

The 	Fluvents are the Entisols that form in recent sediments 

deposited by water that have organic carbon content that decreases
 

regularly with depth if the texture is hcmogenous. They can have
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any vegetation, any moisture regLme, and they temperature regime,
 

except pergelic. They are t'he alluvial soils in the 1938
 

classification.
 

The Orthents are the Entiscis that do not have the
 

diagnostic propertius defining the other suborders. They are
 

on recent erosional surfaces.
 

In the Philippines, most of the recogynized Entisols belong 

to the suborder Psamments and Aquents
 

III. THE GREAT GROUPS
 

The 12 grc-at ,groupsof the order Entisols are summarized
 

in Table 1. 
The number of great groups varies from one suborder 

to another -hile the numbers in th; fable indicate their 

sequcnce in the key. 

The general description -f the great groups are as 

follows: 

The 'Sulf" great group is only in the suborder Aquents. 

They are recognized by the presence :-fsulfide materials within 

50 cm of the mineral soil surface. 

The 'Hydr' qreat grnup is only in the suborder 'Aqu'". 

They have an n value of>0.7 and have at least 8Z clay in all 

subhorizons between a certain depth. 
They must have a mean annual 

soil temperature >O*C. 

The "Cry" rpreat groups are in the suborder Aquent,
 

Psamments, Fluvents, and Orthents. 
 They are the cold wet soils
 

of high mountains or tundra without portufrost or of cold coastal 

marshes. They are generally identified with a cryic soil
 

temperature regime. The perqelic temnerature is not permitted
 

in the Aquents and Fluvents but allowed in the Psamments.
 



The "Fluv' grent proup is only in the suborder Aquents.
 

They are commonly identified with a soil temperature regime
 

warmer than cryic, an n value of 0.7 or less, or have a clay
 

content are also required to firm up their identification.
 

Table 1. The great groups in Entisols
 

GRATGRUP TS U B G. R D E R S
 
AQUENTS ARENTS PSANENTS FLUVENTS ORTHENTS 

s.. Suif 1
 

Hydr 2
 

Cry 3 1 1
 

Fluv 4
 

Trop 5 5 5 4
 

PsanMI 6
 

Hapl 7
 

Torr 2 4 2
 

Quartz 3
 

Ud 4 6 5
 

Xer 6 2 3
 

Ust 7 3 6
 

The 'Tron' great groups nre in the Aquents, Psamments, Fluvents and 

Orthents. (Tlhe definition of the Tropaquents has not been tested 

and is provisional). They are commonly identified with an iso 

temperature regime, The Tropaquents, on the other hand, are the 

permanently wmrm nindwet soils in depr;ssbns of intcrtropical reaions, 

while the TtTronosaminenta have u'ic soil moisture regime (This 

classification is still nrovisionnl and incomplete).
 

' The mPsamnn Prent group is nnly in the suborder Iquents. 

They are characterize! with a sandy mixture and the water table 

is at or near the surface for long periods unless they are 

artificially drained. 
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tThe "Torr" great groups are in the suborder Psaments, 

Fluvents, and Orthents. They have arid climates and are 

identified with a torric soil moisture regime. 

The "Ouartz" great group is in the suborder Pnamments. 

They are the freely drained quartz rand of humid to semiarid 

regions in mid or low !ntitudes. They are identified with a 

sand fraction that is 95% or more quartz, zircon, tourmaline, 

rutile, and other non-weatherable minaralsz
 

The "Ud' great groups are In thu suborders Psasmments, 

Fluvents, and Orthents. They are commonly identified with a
 

udic soil moisture regime and are usually found in humid regions
 

in the middle latitudes.
 

The Xer* great groups are in the suborders Psamments,
 

Fluvents, and Orthents. They are conrLonly identified with a
 

xeric soil moisture regime.
 

The "Ust" great groups ire in the suborders Psamments,
 

fluvents, and Orthents. They are recognized by their ustic
 

soil moisture regine.
 

The iapped aEntisols in the Thilippijns are placed in 

the "Trop" and "Fluv" great groups. 

IV. THE SUBGROUPS 

-The subgrou.p name is formed by the great group name that 

is modified by one or more adjectives. There are 29 subgroup 

names provided in Entisols, but no subgroups have been provided 

for the great groups "Sulf" and ';Cry;;. Their classification in 

Soil Taxonomy is nrovisional . On the other hand, suborder Arents 

have no great groups, but two subgroups .re provided. 

Most of the recognized Entinolo in the Philippines are
 

classified nt the subgrnun level au Aquic and !Tropic. Limit
 

between .Entisols and Oxisols.
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To distinguish Entisols from Oxisols, Entisols must no 

have an Oxic horizon and must not have Plinthite that forme a 

continuous phase within 30 cm of the surface of the soil if 

the soil is saturated with water at some time of the year within 

that dupth. 

Appendix A is the description and characterization of
 

the Bugko series in teb Philippines which is classified as
 

an Entisol. The soil is found in Samar province. It is a
 

cogonal grassland with fem coconuts that is derived from marine
 

sands.
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The Bugko series is a member of the mixed (?), isohyperthermic
 

family of Aquic Tropopsatametns. They have a shallow so3i.m but their
 

effective soil depth is deep. They are modckratoly well drained. 

These soils have (very) dark grayish bra;rm grayish brown very dark 

brcwn and dark yellowish brown1, friable to very friable zasndy loam, 

and loamy sand A horizons no more than 3C 4060 thick with brownish 

mottles overlying C horizons composed of rdoniyintly brnwnish (brown, 

yellowish brovm, dark yellowish browni ,nd lbrrinish yellow') very 

friablc to loose lnamy fine sand and fina sand. Grayish mottles (gray, 

light gray, grayish bro,.m and brownish fri; ) as well as brownish mottles 

(including strong brown ) occur in the C !'rizons. The grayish mottles 

become nora nrominant with depth. 

Ou,:ko soil.s occupy positions on nenoly level to Fently sloping 

beach' rid.es'of coistal ?lain landscapos 

Typifvinri ?elon Vlu "ko - cor.on grassland itith frev coconut trees 

(color- are for -!Int soll unless otherstse noted) 

HORIZOO DEPTH (C:) DESCRIPTION? 

Ap 0-20 Dark grayish brown (10YR 4/2) sandy loam: few 

medium distinct clear yellowish brown (lOYR 5/8) 

mottles; fine granular structure; many fine and 

medium roots- clear smooth boundary. 

C1 20-30 Yellowish brown (10YR 5/4), loamy find sand; 

common medium T)rominent clear light gray to gray 

(1OYR 6/1)mottles; fine granular structure; very 

few line roots- c..ear smooth boundary. 

WSurveyed and classified by the Bureau of Soils in 1978.
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HORIZON 	 DEPTH DESCRIPTION
 

30-150 Mlottled dark yellowish brown (1OYR 3/4) and
C2 


light gray (10YR 6/1), 1'=Y fine sand;
 

common iron-manganese concretions.
 

Type Location
 

The type location is not the site for the typifying pedon
 

described above. The type location is in Barrio Bugko, Municipality
 

londragon, Northern Samar Prpvince, and was identified in 1952-1953 during 

the Reconnaissance Soil Survey of Samar Idland (Soil Report 42). The 

site for the typifying )(!don is in Barrio Junction Municipality 

Laoang, Northern Samar, approximately 50 m to the north of the 

meeting point of the road from Catarman to Laoang and the road to
 

Catubig.
 

Rlange in Characteristics
 

Solum thickness (that is In the cese of Rukko series, only the
 

thickness of the A horizon since there is no B horizon) ranges from
 

20-40 cm. However, effective soil depth is deep and the ,,oils are
 

free from gravel. Their mineralogy is assumed to be mi)- on the
 

basis that the soils probably contain less then 90 percent by weight
 

of silica and other durable minerals that ari resistant to weathering.
 

The soils often have a content of organic carbon that decreases
 

irregularly with depth or that remains relatively high in the C horizons.
 

The soil temperature regime is isohyperthermic. Subsurface (C)
 

horizons are wet for short but significant part of the year due to a
 

seasonal high standing groundwater table. The soil are moist 

throughout 	their profiles for most of the year. Topsoils can be at
 

o. below wilting point for very short puriods under rainfed conditions.
 

The soils of Bugko series normally are not flooded by runoff or river
 

water. Under exceptional conditions (typhoons) they can be partly
 

flooded for short durations
 

A horizons are very dark rayioh brown, dark grayish brown, grayish 

brown, very dark brown, dark brown and Jark yellowish brown sandy loam, 



loam and loamy sand few faint to distinct brownish mottles (mainly
 

brown and yellowish brown). A horizons are normally 20-30 cm thick
 

but may be as thick as 40 cm. Consistence is friable to very
 

friable when moist, non-sticky to slightly sticky and non-plastic
 

wet an soft to loose when dry. Structureto slightly plastic when 

is weak to moderate granular. 

C horizons are mottled brownish and grayish. Brownish colors are 

dominant, at least in the upper Dortion 	of the C horizon, but grayish
 

colors increase in prominence with depth. brownish colors include 

strong brown.yellowish brown, dark yellowish brom, bro.nish yellow, 

light gray, grayish brom, light brownishGrayish colors include gr3y, 

Few to common
gray. Textures include loamy fine mnd and fine sand. 


small soft and hard-. -on-manancse concretions may occur particularly
 

in the loiter C horizons. Consistence is very friable to loose when
 

moist, non-sticky and non-plastic when wet.
 

Similar Series and their Differentiae
 

Bugko soils are somewhat similar to soils of FMagsaysay series. 

Bupko soils
Thei- main difference is in the internal soil drainage. 


drained and are clzssified Aquic Tropopsamments
are ,loderatelV urel 


whereas !Nagsaysaysoils are well to somewhat excessively drained and
 

dre classified Typic Tropopsamments.
 

A fairly larre number of other soils having characteristics and
 

classification possibly similar to those of Bugko series, and that
 

have been mapped in many parts of the country as yet are too loosely
 

and inadequately defined and described for correlations with Bugko
 

series. These soils might include: Angeles (Pampanga), Bacante
 

(Central Luzon), Hanga (Central Luzon), 	Harang (0) Bilad (?), Gasan
 

(Gorsogon), Kaunayan (Sulu),
IMarinduque), Guimaras (Iloilo), Irosixn 


Laput (Central Luzon), Laylay (Marinduque), Luisita (Tarlac),
 

Magcalon (Antique), Matulas (Cotabato), Pangasinan (Pangasinan),
 

Patungan (Cavite), Pawing (Central Lazon), Pulupandan (Negros 
Occidental),
 

Umingan (Pansfasinan), and Villar (Zambales).
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Setting
 

Bugko soils occur on fairly well cveloped beach ridges 
on
 

They are formed from marine sands. The
 
coastal plain landscapes. 


beach ridges usually occur in positions more or 
less parallel to the
 

Slopes are commonly less than 2 percent but in 
places


coast: line. 


The soil climate is
 
slopes may be somewhat steeper up to 4 percent. 


characterized by a udic soil moisture regime 
and an isohyperthermic
 

soil temperature regime.
 

Principal Associated Soils
 

Bugl]o soils series is primarily associated with 
soils of the
 

swales coarse loamy variant which occur is 
Bugko, poorly drained, 

In a wider context,

between the beach ridges of the Bugko soils. 


Bugko soil series is also associated with 
all other soils (and non

soils) occurring on coastal plain landscapes. 
These include
 

Magsaysay series, Bongliw, moderately well 
drained variant and
 

Obando series rn beach ridges and beach ridge 
remnants as well as
 

and 
Bugko, poorly drained, Fine loamy variant, Bongliw series 

All
 
Bongliw somewhat poorly drained variant 

on former tidal flats. 


these soils have internal soil drainage 
ranging from well to
 

somewhat excessively drained for Magsyasy 
soils to poorly drained for
 

Bugko soils are also loosely associated
 of the Bugko variants.
soils 

with the saline soils of active tidal flats 
and non-soil areas of
 

beaches and dunes.
 

Drainage and Permeability
 

Ground water tables
 
Bugko soils are moderately well. drained. 


presumably fluctuate between 60 to 200 
cm from the soil surface.
 

Infiltration rates are thought
 
Permeability is estimated to be rapid. 


to be moderate to rapid.
 

Use and Vegetation
 

Bugko soils are mainly covered by cgon 
grass and related
 

Thus, they provide rangeland for some 
rough grazing and
 

vegetation. 


Minor parts are planted with coconut 
trees and some upland
 

browsing. 
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crops. There are also settlernte
 

Distribution and Extent
 

-Bugko soils have been described to occur on major coastal plains
 

of North and East Samar. The series has a small extent (less than 40
 

sqm). 

Ser1es Established
 

The series was first described in the course of the reconnaissance
 

soil survey of Samar province during 1952 and 1953 by A. Simon and
 

party. The series was redefined and its concept considerably narrowed*
 

during the detailed soil s:rvey of areas in North and East Samar in 1977.
 

However, the status of the series is still tentative and more information
 

is needed for further precision of the series concept.
 

Remarks
 

been classified Aquic TropPsamnients onThe Bugko soils have 

the basis of their, sandy particles size class which excludes the
 

recognition of a cambic horizon. Therefore, the horizons below the
 

A horizon have been designated as C horir,,- although they show some
 

evidence of alteration in the form Pf co:-.' with stronger chroma and
 

presence of mottles.
 

According to the USDA 1938 soil classification, the Bugko
 

soil series would find placement in the Regosols Great Group.
 

Following the UNESCO/FAO Soil Map of the World Legend, Bugko
 

series pertain to Dystric Regosols.
 

*The original concept of Bugko series as described by A. Simon et al.,
 
42
 

in soil report . included the range of characteristics pertinent
 

to soils of Bugko series and Bugko, poorly drained, coarse loamy
 

variant.
 



ANALYSISAND PHYSICALCHEMICALSOIL PROFILE 
AREA:: CATUBIG, NORTH SAMAR 

SOIL SERIES: Bugko 
FINAL MAP SEET NO 

pH . 

H20 ; CaC1 O.C. %)
LAB. NO. HORIZON | DEPTH (cm) LIME TEST 2 


.- IIt; - - :11:22 !, ' 

_ __ _ _ I" 

5.1 	 4.7 1.30-206262 b; 
5.4 0.04
5.7
Cl 20-30
6263 
 0,3
5.7 	 4.9
C2 30-150
6264 


PER 100 g SOIL
TMILLIEQUIVALEIITS 

I EXCH.(CM) 	 EXCHAN7GEABLE BASESHORIZON DEPTH 

,, SU!M ACIDITYCa+lgK 

:3.1
0.4 3.9 

Ap 0-20 3.4 0.1 


3.0 3.20.1 0.2 


C2 30-150 2.1 0.1 0.2 3.0 3.9
Cl 	 20-30 2." 


, t PARTICLE SIZE 	DISTRIBUTION ' TEXTUR 
TEXTURECLAYHORIZON I DEPTH (CM) 7,rOTAL SAND SILT , L 


( ) (%) (%) , S 


18
Ap 0-20 S6 0 4 

C1 20-30 S5 0 5 S 
C2 30-1.50 4 0 6 S 

Entisols.. .16DATA 

LOCATION: Barrio Junction
 
AIRPJOTO/OBS. NO.: FL 34-2
 

'EXTRACTA.BLE I FREE
 

O.M. 	 (%) AVAILABLE PI K I Fe20 (%)
 
(ppm) (ppm) 1, 2 3
 

2.3 6.4
 
0.06 10.3
 
0.5 4.0
 

BASE 
Zn EXCii.C.E.C. 	 'SATURATION 


Al (ppn)
(Sum) (%) (pDm) 

23
17.0 

6.2 	 48 

6.9 	 43 • 

'| 	 (mnho/c.)VOLUME 	 '3;ELECTRICALCONDUCTIVITYSETTLING CaC 3
M ) 1:1 ( PASTEV 

PASTE
(ml) ,1 

0:4 

0:1 



INCEPTISOLS! / 
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INTRODUCTION:
 

Inceptisols occur in a wide range of latitudes having subhumid
 

to humid climates cn old, as well as on young surfaces where the 

precipitation exceeds potential ewapc transpiration every month. In 

areas where evapotranspiration exceeds pnecippitation at some time of
 

the year, Inceptisols are restricted to post-pleistocene surfaces. 

Those on old surfaces deve3 op ;here cold temnerature slow down the 

decomposition of minerjs, t.us inhibiting The rapid process of soil 

development; while those on young surF-,c-.s. %uch as the recently 

accumulated alluvial deposit.3, form fast cnough to develop clear 

pedogenic horizons.
 

Some important features of areas where Inceptisols occur 

include a highly resistant parent material, abund,-nce of volcanic 

ash, steep lands and deprrssion3, anO1 ;oung geomorphic surfaces where 

soil development is limited (Buo], et il,. 1973). 

Inceptisols are permaitted to have i-iny k.inds of diagnostic 

horizons but not an argillic: epodic, oxie, !ypsic, petrogypsic,
 

salic, shallow plinthite, and nat'ric horizons. They may have any 

kind of epipedon although the mollic epiperlon is rare. Commonly they 

have an ochric epipedon over ,- carmbic h-,:' 7, n with or without any 

underlying fragipan, or an umbric epipedon over.lying a duripan or
 

fragipan. They are the only soils having a plaggen epipedon. 

In the Philippines, the Inceptisols ai- dominantly devoted to 

agricultural production. In. f ct, ricst tthe ,otland rice areas belong 

to this soil category. Thriv are mapped as Cc:mansa, Calumpang, see 

complete list in Appendix C. 

I/

Paper presented at th, YIV Internationa! Forum on Soil Taxonomy and
 
Agrotechnology Transfer for the ASE(.N eog on, June 16-28, 1986 held
 
in the Philippines.
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ATT! IBUTES OF THE ORDER
 

The unique properties of the Inceptisols are the altered
 

horizons that have no illuvial horizon, enriched either with silicate
 

that contain aluminum or with an amorphcus mixtures of aluminum and
 

organic carbon. The clay fraction has moderate to high cation
 

retention capacity. They contiin an apnreciable amount of weatherable
 

minerals and have a soil texture finer than loamy sand.
 

The complete definition of the Inceptisols may be found in
 

Soil Taxonomy (1975), pages 227-220 and the succeeding discussions
 

is adopted from these pages.
 

LIMITS BETWEEN{ SOME OTHIE[1 ORDERS
 

Inceptisols are distinguished fromn Alfisols by the absence of
 

an argillic or nati'ic horizon, unless it Is a buried soil horizon, or
 

the absence of a fragipan that has 1 mm thick of clay skins in some
 

part.
 

They are distinguishcd from the Entisols in having an Exchange 

Complex Dominated by Amorphous Materialv (:-CDA ), or an n value of 

0,7 or less, or less than 3%clay. They i.'ust not have any sulfidic 

materials within 50 cm of the mineral soil surface and must have one 

or more of the permissible diagnostic horizons. 

SUBORDERS
 

The Inceptisols have six suborders, although the Andepts are
 

proposed to be elevated To the order category as Andiso]s.
 

The Aqupts are Inceptisols that arc identified with their
 

characteristic wetness: the Ar.depts for their low bulk density or 

their high contents of virtic volcanic ash, cinders or other 

pyroclastic materials- the Plaggepts for their plaggen epipedon: 

the Tr)pdts for their wam humid temperature regime% and the 

Ochrepts for, their ochric epipedon -r an imbirnnic or 7,.llic epipedon 

of less tha 25 cm thick and a mesic or ;.iarmor soil temperature regime. 
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All others that do not mcet the above characteristics are the
 

Umbrepts. The classification of the plaggepts, however, has not
 

been developed because they do not occur in the U.S.A.
 

The majority of the Inceptizols in the Philippines belong to
 

the suborder Aquepts and Tropepts.
 

THE GREAT GROUPS 

The Inceptisols are provided with 18 great groups (Table 1). 

Here, the numbers indicate the sequence of their placement in the 

key to the great groups. 

The "Frag" great -:'oups have a brittle pan in the subsurface 

which are management limitations in the "Aqu", "Ochr", and "Umbr" 

subgroups.
 

The pan in the "Dur" great groups i usually massive and
 

interferes with ghe development of most roots and water movement
 

although it is relatively not strongly indurated as those in the
 

other orders.
 

Table 1. The Great Groups in Inceptisols
 

SUBORDERS 

GREAT GROUPS AQU ANLGURPODIAND IPLAGG TROP OCHR 

Fra 1 

Dur 2 

Cry 
Ust 

5 1 
3 

3 
4 

Xer 5 

Hydr 3 
Plac 
Eutr 
Dystr 
Virt 

2 4 
6 
7 
5 

4 
5 

6 
7 

Sulf 1 
Hala 3 
Plinth 6 
And 7 
Huma 9 1 
Trop 
Sombr 

8 
2 
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The "Cry" great groups are in the suborders "Aqu", "And". "Ochr" 

and "Ubr". They are the soils having cryic or pergelic soil temperature 

regime
 

The "Ust" great groups are in the suborders "Trop" and "Ochr".
 

They are recognized by their ustic moisture regime and a base saturation
 

of 50% or more at certain depths.
 

The "Xer" great groups are in the "Ochr", and in the "Unbr" 

They are identified with a x.ric soil moisture regime.
suborders. 


The "Hydr" great groups are only in the suborder "And". They 

are associated with a vr7 high, well-distributed rainfall, and a 

perudic soil moisture regime. 

The "Plac" great groups are only in the suborders "Aqu" and
 

is normally"And". They are identified with a placic horizon which 

located within 25-50 cm of the mineral soil surface. They are
 

associated with very humid climates and evenly distributed 
rainfall
 

throughout the year or with no dry season.
 

are in thco suborders "And", "Trop",The "Eutr" great groups 

and "Ochr" They have a base Faturat ion ) 50% in some or in all 

must havep.60% base saturationsubhorizons. The Eutrochrepts, however, 

because their parent material ia usually calcareous. 

The "Dyster" great groups are in the same suborders as those
 

in the "Eutr" great groups. They arc identifiod with a base saturation
 

<50% or <60% in the case of the "Ochr" suborders.
 

The "Vitr" great groups are only in the suborder "And". 
They
 

are associated with areas with a V5-bar water retention e20% 
in the
 

fine earth fraction of the whole soil at certain days.
 

"Aqu" great groups.The "Sulf" great ,roups are only in the 

the acid sulfate soils which are uisuallv found in drained
They are 


http:havep.60
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coastal marshes near the mouths of rivers that are almost free of
 

carbonates. Their classification has not been fully developed.
 

The "Hala" great group is only in the "Aqu" suborder. This
 

consists of soils with a shallow ground water wherein capillary rise
 

and evapotranspiration result in the deposits of s6dium or other 

salts in the surface. They are tho sodic or saline soils that are 

identified with 13 sodium adsorpt.on ratio (SAN,) or sodium saturated 

of. 15%. 

The "Plinth" great group is only in the "Aqu" suborder. It
 

is identified with a pInthite thot forms a continuous phase or 

constitute more than half the matrix within some subhorizon at 30 cm

125 cm of the soil surface.
 

The "And" great group is only in the "Aqu" suborder. It has
 
3 

a bulk density of/.0.85 g/cm
an SARe13 or<15% sodium saturation with 

(at 1/3-bar water retention) of the f.ne earth fraction and an
 

exchange complex dominated by anjorphous Matemr--is.
 

The "Hum" great groups are in the sub;rders "Aqu" and "Trop". 

or a histic epi-edon in the "Aqu"
They have an umbric, a mollic, 

suborder or a base saturation 50% but have >12 kg organic carbon in
 

the "Trop" suborder. 

The "Trop" greai group is only in the suborder "Aqu". It has
 

an isomesic or warer iso temperature regime but the soil temperature
 

regime is not a constraint to soil use.
 

The "Sonbr" great group is only in the suborder "Trop". It 

The classificationis recognized by the presence of a sombric horizon. 


of the soil has not been fully develooed.
 

The "HapL" great groups are in the suborder "Aqu" and "-,abr". 

They are the soils that do not !havethe diagnostic properties of the 

other great groups.
 

http:of/.0.85
http:adsorpt.on
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Most of the upland Inceptisols in the Philipines are placed
 

in the "Eutr" and "Dystr" grat groups. 

THE SUBGROUPS
 

Following the great group in the key is the subgroup category.
 

Here, the subgroup name consists of the g.,eat group name 
that is
 

modified by one or more ad-jeictives which indicate 
that they are
 

integrades or extragrades.
 

The intergrades have properties of their great groups
 

including some properties of another taxon, while 
the extragrades
 

the naturc &. rhe aberrant prnperties.indicates 

The number of subgroups of the order Inceptisols is 
too many
 

to permit a detailed discussion of uach. There are 40 subgroups,
 

excluding those having multip!c subgroup names.
 

The wetland rice areas in the Philippines are either 
placed
 

in the Aquic or Aeric subgoups.
 

Appendix A is the O-ando series of the Philippines which
 

over mixed,is placed in Soil Taxonor-iy as coarse loamy sandy, 


It is a wetland soil devoted
isohyperthermic Typic Eutropepts. 


to paddy rice. The rango in cbaracterictics, similar soils and
 

their differentiair, asseciated soils, setting, etc. are described
 

and characterized by the Bureau of Soils (1977).
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OBANDO SERIES 

The Obando series is a tentative member of the coarse loamy 

over sandy, mixed, isohyperthermic family of Typic Eutropepts. They
 

are deep and well to moderately well drained. These soils have dark
 

yellowish brown, dark brown, brown, yellowish brown, dark grayish 

brown and grayish brown, friable loam, fine sandy loam, silt loam and 

sandy clay loam A horizons no more than 30 cm thick with distinct
 

yellowish brown and strong brown mottles, -verlying B horizons that
 

are composed oF brown, dark brown, yellowish brown, dark yellowish 

brown fine sandy loanm over I.amy fine sand and fine sand with, or 

without, few faint bro nh ro'ttles. C hortzcre below 50-120 cm from 

the soil surface are mainly dark grayis. brom, grayish brown, dark 

gray, gray and olive gray faintly to di.stinctly mottled loamy fine 

sand and fine sand deposits that may iacludie sandy loam and silt loam 

layers. C horizons may include marine ohell fragments. 

Obando series soils are formed on nearly level, weakly developed 

beach ridges and beach ridge remnants n(ncastal plain land:acapes. 

ypif_ving Pdon 	 Obancio ] s. - naddy rice field (colors' are for
 

moist soil).
 

HORIZONS DEPTH 	(CM) DESCRIPTION
 

41 0-18 Gre.yish brown (10T 5/2) loam; common fine 

distinct clear str-oig brown mottles; 

moderately str-nn;,- redium parting to fine 

angular blor:h, structure-, friable when 

moist% nonsticky and non-plastic when wet; 

few fine continu(:i!s vertical and oblique tubular
 

simple anf, open prres[ many fine roots; clear 

smooth boundchry- pi 5. 4. 

18-4f0 Yellowish b ,w: (10YiP 5/6) very fine sandyB2 

loan' few fine iaint 3iffuse bi.own to dark 

brown m,-ttles- :'-decrately strong medium angular 
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HORIZONS DEPTH (CM) DESCRIPTION 

parting to fine oubangular blocky; friable 

when moist; continuous vertical and oblique 

exped tubular open pores; few small soft 

black manganese concretions; few fine roots

diffuse smooth boundary; pH 6.8. 

B3 49-85 Brown to dirk bron' (1OYR 4/3) very fine 

faint diffuse dark yellowish brown mottles; 

weak medium subangular blocky structure; 

friable when moist; non-sticky and non

plastic when wet, common fine continuous 

vertical and oblique exped tubular simple 

open pores' very few small gravels; few 

fine roots; abr'upt smooth boundary; pH 7.0. 

C1 85-108 Dark grayish brcr:n (lOYR 4/2) loamy very 

fine sand; few fine faint diffuse brown 

to edarl brown mot:-]es; very friable when 

moist, non-sticky and non-plastic when 

wet; very fe;: fine continuous random exped 

tubular pores, few (15 percent by volume) 

small white marine shells; few fine roots

clear smooth boundary, pH 7.2. 

C2g 108-150 Dark gray (N 4/1) loamy fine sand; few fine 

distinct clear olive brown and grayish brown 

mottles, friable when moist; non-sticky and 

non.-piastic when wet; fine continuous random 

expel tubular simple o~un pores; many (50

65 percent by volume) small white marine 

shells-, Few fine roots-, pH 7.8. 

Very dark F.ray (K:a / ) wet fine sand; few fine 
C3g 150-260 


distinct cle lr olive brown mottles? non-sticky
 

and non-plastic; many (50-65 percent by volume)
 

small white narine shells; pH 8.2.
 



Inceptisols....9
 

Type Location
 

The type location is not -the site for the typifying pedon 

described above. The type location is in the coastal strip between 

Obando and Polo in Bulacan Province. The site for the typifying pcdon, 

however,, is very close and is located in Balancas, Valenzuela, 

Bulacan province; coordin4'tes 140 42' 49" N and 1200 56' 10" E. 

Range in Characteristics
 

Solum thickness (that is the combined thickness of A and B
 

horizons) ranges from 50-120 cm. Effective soil depth is deep and
 

the soils are virtually free from gravel in! stones, although a few 

gravels may in t1ovier B and C horizons.occur 1ho Their mineralogy 

is assumed to be mixed in the determinant size fraction (0.02 - 2 mm 

since this fraction seems to contain less thb-n 90 percent by weight 

of silica minerals and other extremely durab2e minerals that are
 

resistant to weathering. The soil temperature regime is .h'yperthermic. 

Soils are moist for the greater part of the year with short to very 

short periods when top.oi].s ca,, hz ,itor below wilting point dependen 

on the local climatic regime. They ire level position and runoff from 

adjacent higher and more sloning areas. In places, water is artificially 

impounded on the soil sur ace for rainfed (pa.ddy) rice cultivation. 

A horizons are dark yellowish, dark brown, and brown when
 

cultivated to upland and/or tree crops but matrix colors are dark
 

grayish brown and grayish brown when cultivation to rice under
 

submerged conditions. A horiznns have cnmmon and distinct yellowish 

brown and strop brown mottles. Textures may range from loam to sandy 

loam, sandy clay loam nd silt loam. h horizons are between 20 Wni 

30 cm thick. Consistence is friab].e when moist and non-sticky to
 

slightly sticky and non-plastic to slighitly plastic when wet. Structure 

is moderate to strong blocky.
 

B horizons are brown, dark brorn, yellnwish brown and dark 

yellowish brown with or w:Lthout, faint diffuse brownish nottles. 



Inceptisols ....10
 

Textures in the upper B horizon 
are coarse loamy (fine sandy loam) 

and
 

change to sandy (loamy fine sand 
and fine sand) in the lower D horizon.
 

Structure is moderate to strong 
blocky ii the lower B horizon.
 

Consequently, the B horizon incl-Aes 
a camb-c horizon which, however,
 

is restricted to the coarse loamy 
upper part of the B horizon that
 

Organic carbon contents regularly
 
had well developed blocky structure. 


decrease with depth and reaches 
a level belw 0.2 percent in the
 

Hoist consistence is non-sticky 
and non-plastic.
 

lower B horizon. 


mangarose concretions may 
Few small soft and slightly hard black 


in the lower
be present 
occur. LIkewise, few to very few gravels 

miay 


B horizon.
 

C horizons below 50-120 cm from 
the soil surface are dark
 

dark gray, 7r:ij, olive gray and oven 
grayish brown, grayish brown, 

sand and fine sand) that may
 
very dark sandy deposits (loamy fine 


silt loam.
 
loamy layers of fine acosndy loam and 

include also more 
beto clear, brownish mottles may 

Few, faint to distinct, diffuse 


;m/ (more than 15 percent
common tothere arepresent. Usually, 

with depth*.in abundancefragments that incrc!.se 
by volume) marine shell 


:t-ist and non-sticky, non
loose to very friable when 

Consistence is 


plastic when wet.
 

Similar Soils and their Differentiae
 

Bongliw, moderately well drained 
variant soils are somewhat
 

similar to Obando soils in that 
they are also classified Eutropepts
 

nd in that they also
 
at the great group level of classification 


cuastal plain landscapes. Bongliw,
ridge remnants on occur on beach 

their internalare different in 
well drained variint sooi

moderately 

well dr mned), their irregular organic 
class (moderatelysoil drainage 

(fine). Hence, they,
 
carbon content, and their particle 

si:e cliss 


s
 . 
are classified, fine Fluvnquentic Eutro,,c

: it 

in the Penaranda River Basin 
In the Samar and B-kiAnw.n vinoeS and 

of other -,iJis have b, n identified and 'iaed that 
area, a number seriesdiangnostic for the

shell. fram.nts is n,.,tlThe presence of min-i (25-100 cm from the 
sinc6 they commonly occur below 

tho -,,ntrol section 
'1/

soil surface) of the Obando coils. 

http:incrc!.se
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that are also classified Eutropepts at the great group level 
of
 

These soils have been commonly formed on alluvial
classification. 


They are Catubig series (fine Fluvaquentic
plain landscapes. 


Eutropepts) on leavees on Samar Island; Agustin series 
(fine loamy over
 

sandy Fluventic Eutropepts), Penaranda series (fine loamy 
over sandy

skeletal Fluventic Eutropepts on flocd plains in Bukidnon 
province
 

and the Penaranda river basin area; Nabago aeries (fine Fluvaquentic
 

Eutropepts) on the alluvial terraces in Bukidnon 
province.
 

Other
 
Apart from the above soil series and variant 

there are 


soils that have been :wp'cd during surveys In 
the past in various parts 

cui. h.2ve characteristics similar to soils of 
of the country that 

s, ils, however, have been
the Eutropepts great g'oup. These 

described insufficiently detailed to enable 
proper identification,
 

classification and correlation, and therefore, 
their status remains
 

They include the fol!rwing soils (with their 
province or
 

uncertain. 


(New Lanao del Norte),
of origin between parenthesis): 	 Bauyanarea 

Dagani (Cotabato), Dnsol (S,'rsot2on), Kipalangan (Penaranda River
 

(Oriental Mindoro),
Basin Area), Indan (Comarines Norte), !*ikatck 


(N.egr-is Oriental), and Zaragoza

Santa Rita (Iloilo), Siaton 

(Penaranda).
 

Setting
 

Obando soils have been defined to occupy positions 
on nearly
 

level (0-2 percent slopes), weakly developed 
beach ridges and bcach
 

ridge remnants on criastal pl~a lindscanes. They consist of
 

coarse loamy in composition.that -re sandv orFluviomarine deposits 

an . soil moisture regime and 
Soil climate is charactort' ~db~y 	 aii 


rgilv.
isohyperthermic soil temperature 

Principal Associated Soils 

:oil; were first described
In Bulacin province -,nhere Obannl 

soils. In the report
and lapped, they ire associated with 


Soil Survey of ilampauga Delta Development
 
on the "Semi-detailed 



Project" by Alfonso E. Crucena prepared in 1975 the "Matimbo" soils
 

are characterized as somewhat poorly drained 
and fine clayey.
 

In Eastern Samar province where Obando soils 
are recognized
 

during the detailed survey of the coastal 
and alluvial plains around
 

Dolores, Ca-Avid and Oras, they are 
associated with other soils on
 

soils of Bugko series, Bugko
 
the coastal plain landscapes, i.e., 


poorly drained, fine loany variant, 
Bnngliw somewhat poorly drained
 

variant.
 

Drainage and Permeability
 

well drained. Theto moderatelyThe Obando soils cire well 

hydraulic conductivity is moderately 
rapid to rapid and basic
 

infiltration rates are estimated to 
be slow to moderate under wetland
 

vice conditions and moderates to rapid 
under upland/tree cropping
 

These soils are subject to fairly 
frequent shallow
 

conditions. 


flooding of short durations by rain and 
runoff water.
 

Use and Vegetation
 

In Bulacan province, Obando soils are 
commonly planted to
 

Parts are grown to vegetables
paddy rice during wet seasons. 


mungo, squash and other leafy
 
(tomatoes, eggplants, string beanc. 

vegetables) during dry season with 
irrigation water.
 

use are rainfed rice
main forms of landIn Eastern Samar, 

and coconut production.the "payatac system"cultivation following 

The payatac system of rice cultivation 
is characterized by a si.ple
 

absencetrampling) and the 
form of land preparation (carabao fcet 

and impounding of water 
of water and weed control through bunding 

RPce yields under the payatac system 
are low.
 

on the soil surface. 


used as rough carabao 
fallow periods "payatac" fields ave

During 

pasture.
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Distribution and Extent
 

Obando soils have been reported to occur in Bulacan province,
 

Luzon and Eastern Samar provin , Eastern Visayas. Their total
 

extent is still small and is estimated to be far less than 40 sqm.
 

Series Established
 

The series was first described during the reconnaissance
 

"Soil Survey of Bulacan Province" carried on by M.H. Alicante et al.,
 

in 1939 (Soil Report No. '-,Bureau of Snils). Later, in 1975, the
 

soils were described in much more detail during the course of the
 

"Semi-detailel Soil Survey of Pampanga Delta Development Project"
 

The soils were again reported in 1977 during
by A.E. C,,,uiena et al., 


the coastal and alluvial
the field work of the detailed survey on 


The status of
plains of Dolores, Can-Avid and Cras, Eastern Samar. 


the series is still tentative since much more information 
(detailed
 

profile description and analysis) is needed to further specify 
the range
 

of characteristics, to check on the classification anA the 
extent of
 

The series.
 

Remarks
 

Much more information is needed to test the tentative
 

classification of Ohando soils.
 

According to the USDA 1938 Soil Classification System the
 

Obando series woulr probably be placed in the Gray Brown Podzolic
 

soils great group.
 

the World Legend, ObandoFollowing the UNESCO/FAO Soil Hap of 


soils pertain to Eutric Camisols.
 

Mailag series in Appendix B represents the Aeric Tropaquepts
 

It was describer, anO characterized by the Bureau
in the Philippines. 


of Soils in 1977.
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SOIL PROFILE CHEMICAL AND PHYSICAL ANALYSIS DATA
 
AREA : PAMPANGA, DELTA
 

SOIL SERIES: Obanlo LOCATION: Balanca8, Valenzuela,
 
FINAL MAP SHEET NO.: Bulacan Province
 

AIRPHOTO/ODS. NO.:
 

LABORA- J'HORI- DEPTH LIME ' pi O.C- 'O.. 'AVAIL'- EXTRAC- ' FREE 
TORY IZON (CM) ' TEST H20 'CaC12 M ( ABLE 'TABLE Fe 0 
NO. ____, 1:1 1:2 'F(p m)'K (ppm) () 

CP67 Ap 0-18 5.6 ".3 0.52 0.89 Trace 104 1.4 
68 B2 10-40 7.4 6 0.14 0.24 3 200 1.9 
69 B3 40-85 7.8 6.2 0.05 0.09 Trace 135 0.8 
70 C1 85-108 7.9 6.1 0.08 0.14 3 424 0.3 
71 C2g 108-150 8.4 7.0 0.04 0.06 4 1200 0.2 
72 C3g 150-260 8.7 6.9 0.08 0.14 6 768 0.4 

Q!.TLNTPR 190
' 	 1 P SOIL " BAS.HIDEPTH E CHANGEABLE BASES l,,,ilC.E.C. !SATURA-[ Zn EXCH.HORIZON (C.M) , (SUI) , TION Z(ppm) Al 
(Cmm) -- Al'Ca+flg ,1 Na 'SUt ' (%)jjpm)

-
_ Y 	

I-II SUM- I..TY - fl 

Ap 0-18 8.6 0.2 0.0 8.8 :3.4 12.2 72
 
B2 18-40 13.8 0.3 0.1 14.2 1.4 15.6 92
 
B3 40-85 19.0 0.6 0.1 19.7 1.0 20.7 95
 
C1 85-108 11.1 1.0 0.1 1". 1.9 1I.i 87
 
D2g 108-150 14.6 1.1 0.2 15.9 Trace 15.9 99
 
C3g 150-260 13.5 1.3 0.5 15.3 Tra'.ce 15.3 99
 

'PARTICLE SIZE DISTRIBUTION| ,TTLIN' I ELECTRIF 
HORIZON ' DEPTH O,-TAL ' SILT ' CLAY ITr%:TUiPE IVOLUME Cac 0 

3 CONDUCTIVITY 

(c) 	 DSAND (M~ CLA3.S (%n (mmho/cm) ___ 

_______ Ii ______ 1: 1 'PASTE 

An 0-18 60.0 20.4 19.6 SL!Sr2L 0.6 
B2 18-40 70.6 12.6 i6.8 SL 1.0
 
B3 40-85 95.7 5.7 8.6 1S 1.8
 
C1 85-108 92.2 .. 6.8 S 1.7
 
C2, 108-150 92.6 0.6 6.8 S 1.8
 
C3g 150..260 34.6 5.3.6 F . R SI 1.5
 

(I 
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APPENDIX B
 

MAILAG SERIES
 

Th'o Hailag series is a member of the fine, mixed, non-acid,
 

They are deep and
isohyperthermic family of Aeric Tropaquepts. 


somewhat poorly drained. The soils have (very) dark gray and (very)
 

dark grayish brown, friable to firm silty r.-lay loam, clo loam or
 

clay A horizons no more than 50 cm. thick that have yellowish brown and
 

strong brown mottles and variable quantit4es ox- iron-manganese concretions,
 

overlying cambic B horizons composed cf gray and brown mottles, friable 

to firm clay loam, silty clay ind clay also containing variable 

quantities of iron.-manganese concretions as well as si,1all rock fragments. 

C horizons below 100-150 cm have colors 	and t.xtures similar to those
 

weakly develeped structure.of the camibic B horizons but have nc or 	very 

to gentlv -Jping alluvialIMailag soils are formed on nearly level 

terraces and fins of young vlcanic oririn that occur at the base of 

the young volcanic landscape.
 

- paddy rice (color are
Typijfing Pedon 	 Maila: silty clIy loam 

for moist soil unle;ss otherwise noted). 

DESCRIPTION
HORIZON DEPTH (CM) 


Ap 0-17 Very dark gay-i hb rrwn (IOYR 3/2) silty clay
 

loam- few fine faint "brown to dark brown (7.5 

Yr 4/2) mottles; non-nticky, ncn-plastic when 

wet; fofr borizontil rc')t chnnnels many fine to 

medium rc-otf-' cloo-ir. smcth ILundary. 

17-26 Dark grwinh Lr,Lr'vwly ' ,R /'), clayA3cn 


loam. fw,. f inc 1 it iiifus st:o'n, brnwn
 

(7.5yp 5/r. ) .rn. rOt'i !iI in(, ;- ir'iediium 

a-ngulir irr! i 11'ilII,' blocky it cuct ire 

d iqihtly citii in slily sticky ndWiri n 

:, i 'ttly t,1v;t! 'wh c~nv~ot ; fo~w Fin , and modlum 
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HORIZON DEPTH (CM) DESCRIPTION 

tubular pores; gravel consisting of many (110% by 

volume) fine soft and hard spherical and 

irregular black Mn concretions; very few fine 

roots.
 

Bigcn 26-41 Mottled gray (IOYP 5/1) an%7 yellowish brown
 

(lOYR 5/Lj), gravelly clay loamn moderate
 

medium and coarse angular and subangular blocky 

structure; slightly firm wher moist; slightly 

sticky and slightly plastic when wet- gravel 

consistin' of many (30% by volume) fine soft 

and hard spherical and irregular black Mn concre

tions and few fine r,3ck fragments; no pores. 

B2g 41-69 Light gray to gray (1OYR G/1), silty clay loam. 

few fine distinct clear strong brown (7.5YR 

5/8) mottles- moderate fine and medium prismatic 

and angular blocky structure; slightly firm when 

moist- slightly sticky and slightly plastic when 

wet; few fine snrt and hard spherical black Mn 

and brown i(! concretion -. 

B3g 69-110 	 Light gray (lOYP 7/1) wet, silty clay loam; 

common fine to medium I.vominent clear yellowish 

brown (10YR 5/6) mottlcL; moderately strong, 

ndium t:o coir;c c, hu:iinar parting to subangular 

s]ij-htly sticky and ilightly plastic when wet

few fine arid nrediurn tubular pore-3; few soft black 

tin cncrlotP~nr; c,.T ,n h-ri volcanic rock frigrents; 

below 110 cm hod . c fragments. 

Type rIocntlon 

The typo I ent Ion I.: i. ait,'ti:w thri cypifying' pdoii aIn descrilnd 

abovn. It In nIprtr v ,, 0trrn w,i of the cliurch )i" !arrlo Maling, 

Va * fl,kildnon, in'J.111.1n, 

http:in'J.111.1n
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Range in Characteristics
 

Solum thickness (that is the combined thickness of the A and B
 

The soils are deep but contain
horizons) ranges from 100-150 cm. 


variable quantities cf gravel which usually m-tke up less than 35%
 

by volume of the soil mass but that may be more than 35% 
by volume in
 

solum. Gravel consists of fine (2-5 mm diameter),minor parts of the 

soft and hard black Mn concretions and some brown Fe concretions 
as well
 

as some fine roc: fragments. In places, surface stones and boulaors
 

may occur but they occupy less than 2-3% of the surface. 
In the
 

absence of clay mineralogy data, their mineralogy is described 
to be
 

(?) on the basis :.' '!.C figures (CEC by sum 30-50 meq/100 g).
mixed 

i c 
soil temperature regime is is,hynerthcrm . Soils are moist

The 

short to very short periods
(or wet) for the greater part of the year with 


be at or below wilTing point. They are liable

when bare topsoils can 

to slight flooding caused by over-flow of creeks.
 

lark gray, very dark grayishvery gray,A horizons are dark 

brown and dark grayish brown with occassional dark 
reddish gray colors.
 

and gravelly clay
Textures include non-gravelly or slightly gr-velly 


sandy clay, clay.' -.nd silty clay loam. The A
 
lom, sandy clay loam, 


to firm when
cm thick. Consistence is friablehorizons are 20-50 


wet. Structure is
 
moist and slightly sticky, slightly plcaitic when 

massive to weak blocky.
 

Cambic B horizons extenl down to 100-150 cm from 
thu soil 

ind brown clay loam, silty clay loam,
surface and are mottled gray 


few to manv ravelr In some subhorizons
clay and silty clay with of
 

the cambic B horizons grayish cnlor.; may predorlinate; in other
 

may be domin .-inat The grayish colorn
 
subhorizons the brownish calr"; 


and light
plihtpray, ,.irk grayish brown 
may include dark gray, gray, 


,]ark ;,ellovish brown, yellWish

brownish gray. Dro nynih c, 'ro arr 

only slightbro wn ,mnd st rnr,, 'r:wl. There is no or
brown, dark brzwn, 

P lrizon. Stvucture In mode.ate 
evidenc of' clay tranmi.!,n1t .,n iinto the 
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prismatic parting to blocky. Consistence is slightly firm to firm
 

when moist and slightly sticW'or sticky, slightly plastic or plastic
 

when wet.
 

C horizons have colors, textures and consistence that are
 

similar to those of the B horizons. Colors may include reddish gray 

and textures may also be sandy clay loam or sandy clay. Structure 

is weak to absent with depth and B horizons change gradually to 

C horizonn. 

Similar Series and their Differentiae
 

Mlailag series is similcr- to ,'"ramag series which occurs in the 

same setting on alluvial terraces and fans of young volcanic origin.
 

Iaramag soils are more acid and have lower pH values throughout their
 

profiles. This is expressed in the cl.asslfication of Mailag and
 

Maramag series.
 

- Mailag series; non-acid class at the family level of
 

Aeric Tropaquepts. 

- Maramag series: acid class at the family level of Aerie
 

Tropaquepts. 

IN addition, M'aramag soils do not contain gravel of Mn-re 

concretions and rock fragments. 

Mailag series arf. also similar t.) ether somewhat poorly drained 

alluvial soils that, howevcr, occur in aIifferent settings. Caguguhngan 

series occurs on alluvial flats offloodplains on Samar Island and is 

also non-acid. Tagulnd andRamnos series make up part of the alluvial 

river landscape which is renetically Hifferent from the alluvial 

lindsc,-pe th-it ic issociated with C ,,iniubnn series. Tagulod and 

Ramos series occupy positions '-n 1in t"erivr'c above river floodplains. 

Both series are classif[e- Aeric Tropaquopts. Tagulod series has fine 

and Wiu is coarne Joany particle size ctl:s. longllw, somewhat poorly 

drained variant (thit has been proposed ,r, Laoang series) on Sam'Ir 
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Island occurs on former tidal flats of coastal plain landscapes.
 

Several other series in the country are classified Typic Tropaquepts.
 

These poorly drained soils occur on floodplains (Sadugsuron series),
 

terraces (Laligan, Maapag series) and coastal plains (Bongliw series).
 

Numerous other soils having characteristics presumably similar
 

to those of Mailag series that have been mapped in many parts of the
 

country, as yet, are too loosely and inadequately defined and
 

Such soils are listed
described for correlation with Mailag series. 


in the description of Maramag series and therefore, reference is made
 

to that description.
 

Setting 

Nailag soils occur on nearly level to gently sloping (0-5%) 

alluvial terraces and fans of young volcanic origin that occupy 

positions at the base of the'youngj volcanic landscape" in Bukidnon 

province. Their parent materials are derived from the basic
 

volcanic rocks (mainly basaltic) that com.,ose the "young volcanic
 

landscape". Soil climate Is characterized by an aquic soil moisture
 

Surface stones
regime and an isohy.Perthermic soil temnerature regime. 


and bouldlrs miy o~cur locally but they rcc.pu; less than 2-3% of the
 

surface. Mailag soils are susceptible to sli-ght or moderate erosion.
 

Princinal Associated Soils
 

Mailag soils are directly associated with Mnramag and Bancud soils
 

on the same terraces and fans of y,-ng -olcanic origin that form the
 

soils d.fier in that they are more
setting fT Mai'.og soils Maramag 

do not contain gravelacid (acid class at family level) and th:it they 


13,?ncud soils occupy positions
of Fe-Mn concretionsen rock franmont-;. 

on levees on the terraces and fans rnA ire cl-issified Typic Dystropnpts.
 

In a widor settirq, llailag ir ,ie lsoocl.ated with Adtuyon
 

soils to the "young volcanic lands,;a-ii'. .,Jtuyon solls are classified
 

Oxic Dystropepts.
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Drainage and Permeability 

The Mailag soils are somewhat poorly drained. Groundwater 

tables of seepage water fluctuate between 50 to 200 cm from the soil 

surface. Permeability is estimated moderate to moderately rapid. 

The basic infiltration rates are very slow to slow under wetland 

rice conditions aid moderately rapid to rapid under upland crops. 

Surface runoff is very slow to moderate dependent on slope and land 

use. The soils are subject to slight flooding by creek overflow.
 

When grown to wetland rice surface water is impounded.
 

Use and Vegetation
 

Main land uses :ire cultivation of paddy rice and corn. Usually
 

iwo crops can be grown per year. Su;face stones and boulders occur
 

locally and then may hamDer mechanical tillage. Susceptibility to 

slight or moderate erosion presents another hazard to cultivation. 

Distribution and Extent
 

Maileg series has been described to occur in the Pulangi basin
 

of Bukidnon province. Their extent is small and is less than LO sqm.
 

Series Established
 

The series are proposed and descI'ed in a general Form during 

the soil survey of Bukidnon province, Philir,:injs (Soil Report 21), 

pp 25-26 by JA. Mariano and -arty in 1955. The soil was described 

again with more precision during the "Semi-detailed Soil Survey and
 

Valencia
Land Classification of the Pulangi Irrigation Pr-ject. 


Mar-imag and Quezon, Bukidnon" by C.B. Alcalde and C.Q. Tingson in 

19711, pp. 30-32. Its current conce-?t was further rofined and 

Project Area,establisheO during the "Detailed Survey Df t1ht Pulangi 	3 

UIDP/FAO.Vlencia, Dukidnon" during 1976 by Burei'ei 'f Scils and 


soil series descripti n is the i :r.t comprehensive and detailed
This 


its status remains tentativo
description of the seris. Howeve, 

until more data are githerel.
 

('V 
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Remarks
 

According to the USDA 1930 soil classification system the Mailag
 

series would be placed in the low Humic Clay Soils great group.
 

Following the UMESCO/FAO Soil Mup of the World Legend, Mailag
 

soils nertain to Dstric Cleysols.
 

The term "young volcanic" as used in this series description is
 

essentially a physiographic term. It i3 used in Bukidnon province to
 

distinguish the "Young Volcanic Landscape" and its parent material
 

(Pliocene-Quarternary, mainly basaltic, lava flows and pyroclastics)
 

from the "Old Volcanic Landscape" which are of Oligocene-Lower Miocene
 

age and which consists of volcanic agglomerates and andesitic formations.
 

The term "Younr Volcanic" does not indicate "andic" properties such as 

low bulk densities, exchange complex dominated by amorphous materials,
 

or high content of vitric volcanic ash, cinders or other virtic
 

pyroclastic that pertain to soils in the Andepts Suborder and Andic
 

Su>* ",oups. 
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SOIL PROFILE CHEMICAL AND PHYSICAL ANALYSIS DATA
 
AREA: PULANGI 3
 

SOIL SERIES: Mailag LOCATION: Mailag, Valencia Bukidnon 
FINAL MAP SHEET NO.: AIRPHOTO OBS/NO.: FL 67-168 / PI 

pH ' 
LABORATHORIZON 'DEPTH H caC M. AVAIABLE EXTRACTAB] 

NO. I I (CM) TEST 1:1 1:2 P (ppm) K (ppm 

3860 Ap 0-17 0 5.3 4.7 3.2 5.5 4 75 
3861 A3cn 17-26 0 5.5 5.4 0.2 0.3 4 57 
3862 fllgcn 26-41 0 5.0 1.5 0.7 1.2 2 55 
3863 B2, 41-69 0 5.2 5.0 0.6 1.0 10 92 
3964 B3 69-100 0 6.2 5.5 t t 12 192 

MILLIEQUIVALE.rFS PER 100 g SOIL , BASE ' ' EXCH 

HORIZON DEPTH ' EXCHAN'GEABLE BASES EXCH. C.E.C.:SATURA-; Zn Al 
I (CM) Ca+Mg Na I K SU 'ACIpITY (SUM) TION :(ppm) (ppm) 

Ap 0-17 5.0 0.2 0.1 5.3 19.2 24.5 22
 
A3cn 
 17-26 1.6 0.1 0.1 1.8 13 .1 15.6 11
 
Blgcn 26-41 3.9 0.3 0.1 4.3 12.2 16.5 26
 
B2g 41-69 a.5 0.7 0.1 9.3 10.q 20.2 46
 
B3g 69-100 10.5 0.8 0.3 11.6 8.0 19.6 59
 

PARTICLE SIZE DISTPBUTION ELECTRICAL
 

DEPTH I'TEYTURE 'SETTLING CaCO3 CO'DUCTIVITY 

HORIZON I (CM) TOTAL SILT ' CLAY ' CLASS IVOLUME (M (mmho/cm) 
I SAD m m (ml) 1 1:1 PASTE 

Ap 0-17 20 27 45 C 24 0.9
 
17-26 45 20 35 SCL/CI. 21 m
A3cn 


Blgcn 26-41 38 12 50 (1 23 m
 
B2g L1-69 38 2 50 C 25 m
 
B3g 69-100 45 18 37 Sc 24 0.1
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APPENDIX C
 

List of Soil Series Tentatively Placed in te , Order Inceptisols
 

and Major Crops Planted.
 

0 I L S E R I E SC R 0 P S S 

BabuyanRice 
Balongay 
Baluarte
 
Bancal
 
Barcelona
 
Bascaran
 
Bay
 
Boac 
Buayan 
Butuan
 
Cahahuan 
Cahangan
 
Calape 
CalumpanS 
Candigan
 
Catanuan
 
Dagani
 
Dalacan 
Dawin
 
Donsol
 
Inton
 
Irosin
 
Kabacan
 
Kapalangan
 
Kapatangan 
Kamandag
 
Kitcharao 
Lala 
LegaspJ 
Malinao
 
Mandawe 
Hotpog 
N.-mbaran 
Palapag
 
Palo 
Panganiran
 
Pangasinan
 
Punupdupan 
Pa tnongan 
Pawing 
ilar
 

Pol.llo
 
Libi 
Libon
 
Li !ao 
Luisita 
Luta;'an 
flabin 
Makabare 

"ka to 

San Mipuel 

Sluton, 
S i 1 A 
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CR 0 P S S OI L S E R I E S 

Rice Sinapangan 
Sinolan 
Sorsogon 
Ramain 
Tagulod 

Corn Arayat 
Babuyan 
Baguio 
Baliangao 
Balut 
Baluarte 
Baucal 
Ban! 
Banto 
Barcelona 
Bascaran 
B-.sco 
Batuan 
Bay 
Bolian 
Buayan 
Bulaon 
Burgos 
Cadiz 
Calape 
Calumpang 
Candigay 
Dalican 
Dagami 
Dolores 
Faraon 
Hernani 
Ilagan 
New Iloilo 
Indan 
Kabtan 
Vapatagan 
Kitcharam 
Laylay 
Longa 
Mambutan 
Hatulas 
Ma.yon 
Medellin 
Mir~l 

I ogpog 
Panganuran 
Pangasinan 
Pasil 
Patnongan 
pilar 
qalamanio 
San Fabian 

Lition 

Luisita 
Luthyan
tFlab i n I. 

gga lae,; 

sari Milnuol 
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C RO0P 01LS SER I E 

Corn San Pablo 

Siatoti 
Sobul 
Silay 
Sinapaflgan 
Sinolan 
Tagaytay 
Tigum 
Tamontakn 
Tarugc 
Tirnaga 
Uinngan 
Uyogal 
Vilini' 
Zaragosa' 
Tiptipon 

Coconut Baguio 
Bal~iangao 
Balongay 
lBaluarte 
Bani 
Banto 
Bascaran 
Batuan 
Boac 
Bugko 
Cabahuan 
Cabangan 
Cadi z 
Calape 
C~indigay 
Dayami 
Da lican 
Dawin 
Dolores 
(Culmaras 
Gulinobatan 
Indan 
Kapal"igan 
Kaunayal 
Labasan 
La Carlota 
Lay lay 
Ligaspi 
! alinao 
Mayon 
rme~ellin 
Ilirall 
Paete 
Palapag 
palo 
Panganoran 
Paturgifl 
pill 
Polillo 
PalJupandpm 

ILibon 
Lu tiv on 

Ma~bini 
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C R O P ' SOIL SERIES 

Coconut Macabari 
Macalud 
Sariaya 
S iaton 
Sumulong 
Sorsogon 
Tagur 
Tamontaka 
Tarug 
Timbo 

Sugarcane Angeles 
Bago 
Baluarte 
Barcelona 
Pasco 
Batu an 
Cadiz 
Calape 
Calumpang 
Guimhalmon 
Indcn 
Kamandxg 
Labasan 
La Carlota 
Longa 
Pasig 
Patbongan 
Palupandan 
Luisita 
Macolod 
Magallanes 
Mlagcalum 
San ManueI 
Sara 
Silay 
Sampangan 
Sorsogon 
Rugnam 
Taial 

Other Crops Anao-aon 
Ar,yat 
Babuyan 
Sad-as 
Baler 
Ealiangao 
Balongay 
Balut 
Ealuarte 
Bancal 
Bani 
Banto 
Barcelona 
Basci.ran 
Baf co 
Batuaa 
Bay 
Boac 
Bolinao 
Brookes 
Buayan 
Bugko 
Burgos 
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C R 0 P S SOIL SERIES 

Other Crops Busuapga 
Butuan 
Cabangan 
Calape 
Calatagan 
Calumpang 
Candigay 
Carig 
Matalongon 
Ligao 
Luisita 
Lutayan 
Jamayaon 
Mambutay 
abini 

Macabari 
Magallanes 
Magcalon 
flacar 
Novaches 
San Manuel 
San Rafael 
Sariaya 
Silay 
Sinapangan 
Sinolan 
Sorsogcn 
Rugnan 
Taal 
Tagu= 
Tamontaka 
Tarug 
Tilik 
Timbo 
Titay 
Tugis 
Tupi 
Uiuugaw 
11yogan 
Vil.ar 
Zaragosa 
Matulas 
Mayong 
Catubig 
New Iloilo 
Tiptipon 

Pasture Forest Libi 
Lunus 
Lutayan 
Maalod 
Magsaysay 
Malalag 
San Rafael 
Santa Fe 
Sta. Maria 
Sariaya 
Sevilia 
Sibul 
Sison 
Songsong 
Rgzal 
Rugao 
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Pasture Forest Romblon 
Tagbia 
Tadao 
Atatan 
Abalon 
Anman 
Arayat 
Atok 
Babuyan 
Baguio 
Bakaking 
Banga 
Binangonan 
Bituin 
Bolinao 
Balog 
Brookes 
Bulaon 
Burgos 
Cabangan 
Cervantes 
Cnron 
Espa*.a 
Guimaras 
Guinoang 
Ilagan 
Lanut 
Martalonga 
Mayoyao 
Nangalisan 
Paste 
Palitod 
Paoay 
Pasonanka 
Pogis 
Sabangan 
San Fabian 
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INTRODUCTION 

Soils th: ive significantly more clay in the B horizon than 

in the A horizon (i.e. soils that have an argillic horizons fall into 

a number of Orders in Soil Taxonomy. However, the presence of an 

argillic horizon is a major criteria used to place soils into the 

Orders of Alfisoin and Ultisols. The Ultisols key out after the 

Histosols, Spodosols, Oxisols, Vertisols and Aridisols while the 

Alfisols key out only after the Mollisolu, Both the Orders of Alfisels 

and Ultisols must have an argillic horizon but are separated from one 

another on the basis of their base saturation. Hence clay translocation 

is the dominant scl forming proce2ss for both these Orders. The Ultlsols 

have undergone extensive leaching resulting in low base saturation while 

the Alfisols only moderate leaching giving rise to moderate to high base 

status soils. 

ALFISOLS
 

General Concepts
 

Soils in the order of Alfisols are formed by processes that
 

translocate silicate clays without excessive depletion of bases and
 

without dominance of processes that lead to the formation of a
 

mollic epipedon. The unique properties of Alfisols are a combiuation
 

of an ochric or umbric epipudon, an argillic horizon, a medium to high
 

supply of bases in the soil and available moisture for plant growth
 

for more than half the year. Because moisture and bases are both not
 

limiting, Alfisols are quite intensively used.
 

-/Lecture presented during the XIV International Forum on Soil Taxonomy
 
and Agrotechnology Transfer, March 3-20, 1986, Philippines.
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Settng
 

Due to their high base status, the Alfisols have been called
 

the high base status brown forest soils. From the properties of
 

these soils we can conclue that Alfisols often occur on landscapes
 

which meet the following conditions: 

i. allow the existence oZ moderate ar'ouu.t-Qf lrttice-layer clays. 

ii. allow these clays to accumulate in the subsoil by
 

translocation (arpillic horizon). 

Iii. does not favour the formation of a spodic, mollic or 

other diagnostic horizona.
 

Alfisols are formed under many climatic zones ranging from
 

a mesic temperature regime to a thermic temperature regime. They 

often occur on young land surfaces where leaching has not removed 

the bases. Alfisols are mcst extensive in humid and subhumid areas. 

Where the temperature regime is thernic or warmer, Alfisols t.nd 

to.form a belt between the Inceptisols, and Ultisols and Oxisols.
 

In areas with a mesic or c'ooler temperature regime, Alfisols form
 

a belt between the Mollisols of the grasslands and the Spodosols and
 

the Inceptisols of the humid climates. The soil moisture regime of 

these soils is 4uic, ustic, xeric or udic. 

Under humid temperate climates, Alfisols may occupy most of 

the landscape, except on very steep slopes, alluvial flood plains 

and very poorly drained depressions. Under subhumid to arid 

conditions, Alfisols are commonly confined to borders of depressions 

where slight concentrations of water have favoured sodium and clay 

miration to form a natric horizon. High elevations or limited
 

rainfall or concentrations of bases in the parent material favour
 

Alfisols formation in the Tropics (Guerrero, 1963). In general
 

Alfisols are rare in the humid tropics being confine to areas where 

a recharge of bases from the parent material e.g. limestone or due 

to addition of bases from volcanic activity occur.
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Genesis
 

A number of processes contribute to the formation of Alfinols. 

The more importantd these are: 

i. leaching of carbonates and brownification
 

ii. elleviation of clay from the A horizon 

iii. illuviation of clay into the B horizon 

iv. neoformation of clay in the B horizon by weathering 

v moderate to low leuching of bases 

In some Alfisola the textural B horizon may be partly destroyed 

(tonguing of the E) by superficial podzoliation. A fragipan or a
 

duripan may also form in the textural B horizon.
 

Diagnostic Borizons
 

A variety of diagnostic horizons may occur in Alfisols. 

Among the epipedons that may be present includa the ochric, umbric, 

anthropic and mollic epipedons. The ochric epipedon is-by far the 

commonest. Subsurface horizons that are. comon include the argillic, 

natric and albic horizons. In addition a fragipan, duripan, plinthite
 

or calcic horizon may also be present.
 

Climatic Regimes 

Alfisols are found under a variety of soil moisture and
 

ustic,temperature regime. The moisture regimes include the aquic, 

:xeric and udic. Alfisols occur in areas with a frigid to hyperthermic 

temperatt'ra regimes. 

Definition of the Order of Alfisols
 

The central concept of the Alfisols is that of a soil that has
 

an ochric epipedon, an argillic horizon, moderate to high base status
 

and in which water is held at less than 
15 bar tension during at least
 

three months during the months when plants can grow.
 

Alfisols are mineral soils having:
 

an argillip horizon or natric horizon with a base saturation
i. 


of greater than 35% at 1.25 m below the top of the Bt
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horizon or 1.8m below the surface, or at a paralithic 

contact (whichever is shallower); with or without a 

fragipan. 

.i. no m6llic epipedon unless the argillic horizon has in 

some subhorLon a base saturation of less than 50%.
 

i. 	no spodic horizon overlying the argiliic horizon.
 

v. 	 no oxic horizon overlying the argillic, no plinthite 

forming a continuou's phase at 	less than 30 cm. 

Key 	to Suborders
 

In 	 sub-dividinS the 	Order of Alfisols into Suborders, the 

main feature used is the soil moisture rogine (Fig. 1). The key 

to the Suborders of Alfisols is as follows: 

Alfisols that have an aquic moisture regime or are
 

artificially drained and that h:-ve characteristics associated
 

with wetness, namely, mottles, or iron-manganese i:oncre'tions > 2 mm 

in diameter, or chroma of 2 or less immediately below any Ap horizon
 

or below any dark Al horizon in which the moist colour value is less
 

than 3.5 after the material is rubbed, and one of the following:
 

1. 	 Dominant chroma of 2 or lesL in coatings on the surface 

of peds and mottles within peds of the argillic horizon, 

or 	a dominant chromi of 2 or less in the matrix of the 

argillic horizon and mottles of higher chroma; 

2. 	If there are no mottles in the argillic horizon, a
 

dominant chrome of 	 1 or less. 

AQUALFS 

Other Alf isols that have: 

1. 	A frigid temperature regima but do not have a xeric 

moisture regime; or 

2. 	A cryic temperature regime.
 

BORALFS
 

6 
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Otjher 4fisols that have one of the following; 

1. 	 A ustic moisture regime; 

2. 	 An epipedon that is both massive and hard or very hard 

when dry and a moisture regime that is arid±c but marginal 

to ustic. 

3. 	Within a depth of 1.5 m of the surface or within a depth 

of 50 cm below thebase of the argillic horizon, a calcic 

horizon or soft powdery lime in spheroidal forms or as 

coatings on pads or disseminated in particles of clay 

size 	and a moisture regime,that is udic but marginal to 

ustic 

USTALFS
 

Other tafisols that have one of the following:
 

1. 	A xeric moisture regime; or 

2. 	An upipodon that iti both massive and hard or very Ihard 

when dry and a moisture reginae that is aridic but 

marg)-lial to xeric. 

XERALFS 

Othbr iffi.ols that have an udic moisture regime. 

TtjALFS 

Great Grou s
 

The five Subordera of the Alfisols are divided into 33 Great 

Groups. The criteria used at the Great Group level include mean
 

summer soil temperature (at'50 cm) and range of soil temperatures 

between summer and winter; tonguing of the E horizon into the Bt; 

abruptness of the E/Bt transition; thickneso of Bt; reddish hue of 

Bt; presence or absence of fragipan, duripan, natitc or petrocalcic 

horizon; presonse or absence of plinthice; and percent base saturation 

in the Bt. The Great Groups are sunmmarized in Table 1. 
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Subroups
 

Subgroups in the Alfisols reflect the relationship of these
 

soils'vith several other Orders that border the modal Alfisol
 

.cological situation e.g. Mollic Ochraqualf.
 

Drainage differences comonly noted in a drainage catona of
 

Alfisols are reflected in the EuborL!Er and Subgroup clansification. 

For example, a well-drainud soil would be the Typic Hapludalf; the 

moderately well to imperfectly drai.ed soil and an Aquic Hapludalf; 

the somewhat poorly drained Aeric Ochraqualf and the very poorly 

drained soil is a Typic Ochraqualf or Typic Umbraqualf.
 

ULTISOLS
 

General Concepts
 

Soils in the Order of Ultisols are formed by processes that
 

translocate silicate clays coupled with excessive leaching of bases.
 

Thus the unique properties couuon to Ultisols &re an argillic 

horizon, a low supply of bases, particularly in the lower horizons,
 

and a mean annual soil temperature higher than 80 C (470 F). The
 

horizon of clay accumulation nvay be thin or thick. The cation
 

exchange capacity in Ultisols is mostly moderate to low. The
 

decrease in base saturation with depth reflects cycling of bases
 

by plants or addition in fertilizers. Like Alfisols, the Ultisols
 

have enough moisture, but have few bases. 
Without fertilizers, they
 

can be used for shifting cultivation, but can be made highly
 

productive if fertilizers are used as Ultisols are warm and moist.
 

Setting
 

The intensive leaching which Ultisols have undergone is often
 

a result of leaching by intensive precipitation on a stable or 

geomorphologicalty old lant'nc~pe. 
 This intensive weathering and
 

leaching results in deep low base 
status soils. As such Ultisolo
 

are more common in the intertropical regions where warm humid 

conditions and old landscapes occur. However, Ultisols are by no
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means confined to tropical latitudes. In the tropics the Ultisols
 

occupy the relatively younser geomorphic positions compared to
 

Oxisols with vhich they are often associated. However,.when 

Ultisols are associated with Alfisols, the Ultisols are on the
 

more stable landscapes and Alfisols on the younger sideslopes.
 

Thus Ul1isols often occur on landscapes Mich meet the following 

conditions: 

i. 	allow the existence of noderate amounts of lattice-.ayer 

clays. 

ii. allows these clays to be traaslocated and accumulated
 

in the subaoil (argillic horizon). 

iii. does not favour the formation of a spodic, molliccr 

other diagnostic horizons. 

Ultisols are formed under a variety of climatic zones.
 

They are common soils of the mid to low latitudes. The soil 

moisture regime is not peridic, but at some season there is an
 

excess of precipitation over evapotranspirstion and water moves
 

through 
 the soil. and into a warm moist substratum. The release 

of bases by weathering is usually equal to 
or less than the removal
 

by 	 leaching, and mormally most of the bases are 	held in the 

vegetation and upper few centimeters of the soils.
 

Ultisols are most extensive in warm humid climates that have
 

a seasonal deficit of precipitation. 
They occur over a variety of
 

parent materials but vury few have primary minerals. The Ultisols
 

may 	 hava any soil tempeLature regime warmer than 	frigid or isofrigid. 

They 	may have an aquic. udic, xaric or ustic soil moisture regimes. 

Genesis 

A number of processes contribute to the formation of Ultisols. 

The m6re important of these are: 

i. 	excessive leaching
 

ii. 	eluviation of clay from the A horizon
 

iii. illuviation of clay in the Bt horizon 
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iv. 	 neoformation of clay in the B horizon by weathering 

v. small amount of podzolizatiorn 

In some Ultisols the textural B horizon is often overlain 

by a thick E horizon. This E horizon may be sandy textured while 

the Bt horizon clayey. A fragipan or plinthite may also occur 

in these soils. 

Diap.nostic Horizons 

A number of diagnostic horizons and features may occur in 

Ultisols. The epipedons that commonly occur are ochric, umbric, 

anthropic and mollic. The subsurface horizons and features common 

in Ultisols include argillic, albic, fragipan and plinthite. 

Ultisols occur in soils having as isomesic or warmer soil 

temperature regime. The moisture regimes conumon to Ultisols are 

aquic, ustic, xeric and udic. 

Definition of the Order of Ultisols 

The central concept of the Ultisols is that of a soil that 

has an ochric epipedon, an argillic horizon, low base status and 

in which there is ufficient moisture for at least three months 

for 	plants to grow. 

Ultisols are mineral soils that:
 

1. 	Do not have tongues of albic materials in the argillic
 

horizon that have vertical dimensions of as.much av 50 cm 

if there is 10% weatherable minerals In the silt fraction, 

but have one of the following combination of character

istics: 

a. 	 llnve an argillic horizon but. not a fragipan and 

have base saturstion (sum of cations) ofo(35% 

within thu following depths: 

i. 	If the argillic horizon has in some part a hue 

of 5YR or yellower, or a colour moist of 4 or 

more, or a colour value dry that is more than 
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1 unit higher than the value, moist, the 

shallowest of the following: 

a. 	 1.25 m below the upper boundary of the 

argillic horizon.
 

b. 1.8 m below the surface of the soil or
 

c. Immediately above a 1.thic or paralithic 

contact.
 

L, If the argillic horizon has some other colour 

or if the epipedon has a sendy or sandy 

skeletal particle - size class throughout, 

the deeper of 1.25 m below the upper boundary 

6f the argillic horizon or 1.8 m below the 

surface of the soil, or immediately above a 

litchic or paralithic contact if it is
 

shallower.
 

b. 	Or have a fragipan that
 

i. 	Meets all tha requirements of an argillic 

horizon, or has clayskin > 1 m thick in 

some part, or underlies an argillic horizon 

and 

ii. Has base saturation (by sum of cations) of
 

< 35% at a depth of 75 cm below the upper
 

boundary of the fragipan or immediately above
 

a lithic or paralithic contact, whichever is 

shallower. 

2. 	Have a music, isomesic or warmer temperature regime
 

3. 	Do not have a spodic horizon, and do not have an oxic
 

horizon unless it underlies an argillic horizon; and
 

4. 	Do not have plinthite that forms a continuous phase
 

within 30 cm of the soil surface.
 

\A~ 
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Key to Suborders
 
Ini
 

;n separating the Ultisols into Suborders two criteria have 

been used. The soil moisture regime and the amount of organic 

carbon in the upper part of the argillic horizon have been used
 

to subdivide the Order of Ultiaols (Fig. 2) into five Suborders as
 

follows:
 

Ultisols, either saturated with water at some time of the
 

year or artificially drained, that have characteristics associated
 

with wetness, namely mottles, iron-manganese concretions > 2 mm in
 

diameter, or chroma, moist of 2 
or less immediately below any Ap
 

or Al horizon that has a value, moist, of leis than 3.5 when rubbed;
 
and alsb one or more of the following:
 

1. Dominant chroma moist of 2 or less in coatings on the
 

surface of peds and mottles within the peds, or
 

dominant chroma of 2 or less in the matrix of the
 

argillic horizon and mottles cf higher chroma (if the
 

hue is reddarthan 10YR because of parent materials
 

that remain red after citrate-dithionite extraction,
 

the requirement for low chroma is waived); 

2. Chroma, moist, of I or less on surface of peds 
or in the
 

matrix of the argillic horizon; or
 

3. Dominant hue of 2.5Y or 5Y in the matrix of the argillic 

horizon and distinctt or prominent mottles and also a
 

thermic or isothermic or warmer soil temperature regime.
 

AQUULTS
 

Other Ultisols that have either or both of the following
 

characteristics:
 

1. Have 0.9 percent or more organic carbon in the upper
 

15 (m of the argillic horizon; or 

2. Have 12 kg or more organic carbon in the soil per square
 

meter to 
a depth of I m below the base of the mineral soil 

surface, exclusive of any 0 horizon that may be present. 

HUMULTS
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Other Ultisolu that have a udic moisture regime.
 

UDULTS
 

Other Ultisols that have an uetic moisture regime.
 

Other Ultisols that have a xeric moisture regime.
 

XERULTS
 

Great Groups
 

The five Suborners of the Ultisols are further subdivided
 

into 22 Great Groups. The criteria used in this subdivision are
 

the presence or absence of various soil features such 'asplinthite,
 

fragipan, ieo-tomperatures, clay distribution with depth, ochric
 

epipedon and colour value of le-s than 4 in the argillic horizon.
 

The Great Groups are summarized in Table 2.
 

Subgroups
 

Subgroups in the Ultisols as is the case of Alfisols
 

reflect the relationship of these soils with several other Orders
 

that border the modal Ultisols e.g. Spodic Paleudults.
 

Drainage differences commonly noted in a.drainage catena of 

Ultisols are reflected in the Suborder and Subgroup classification. 

For example, a well drained soil would be the Typic Tropudult; the 

moderately to imperfectly drained soil would be Aquic Tropudult; 

the somewhat poorly drained an Aeric TrOpaquult and the poorly 

drained member a Typic Tropaquult. 
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Table 1. 


SUBORDER 

Aqualfs 


Boralfs 


Ustalfs 


Xeralfs 


Udalfs 

Suborlcrs and Great Groups in the Alfisols Order
 

GREAT GROUPS
 

Natraqualfs - presence of a natric horizon
 
,Tropaquelfs - MAT*> 8uC (47*F) and summer and winter
 

temparature differ less than 5C (90 F) at
 
50 cm
 

Fragiaqualfs - presence of a fragipan 
Glossaqualfs - albic horizon tonguing into the argillic 

horizon and no duripan present 
Albaqualfs abrupt textural change from albic to argillic 

horizon 
Ochraqualfs - presence of an ozhric epipedon 
Umbraqualf - pre.-ence of an umbric epipedon 

Paleboralfs - upper boundary of argillic horizon deeper than 
60 cm (24 in) and textures finer than 
loamy fine sand in some layer above the 
argillic horizon 

Fragiboralfs - presence of a fragipan
 
Natriborafs .presence of a natric horizon
 
Cryoboralfs mean summer temperature at 50 cm (20 in)
 

or shallower lithic or paralithic contact 
of less than 15'C (59'F) without an 0 
horizon ( < t3C (47oF) NMT + with an 0 horizon 

Eutroboralfs base sahlration2 60% in all parts of argillic" 
horizon and dry in some horizon part of each 
year 

Glossoboralfs - either never dry or have a base saturation 
< 607 in some part of the argillic horizon 

Plinthustalfs -plinthito nrsent within 1.25 m (50 in) of
 
the surface
 

Durustalfs - duripan present below argillic or natric
 
howrLon but within 1 m (40 in) of the surface 

Natrustxlfs - pri t eace of a natric horizon 
Palcustalfs prcsence of a petrocalcic horizon within 1;5 m 

(60 in) of the surface or a thick dense argillic
 
horizon
 

Rhodustalfs - argillic horizon colour redder than 5YR
 
Haplustalfs oth.er Ustalfs
 

"Llinthoxeralfs-presence of plinthite within 1.25 m (50 in) 
of the surface 

Durixeralfs -rre,,ince of a duripan within 1 m (40 in) of 
Lho surface 

Natrixeralfs peacnce of a natric horizon
 
Rhodoxeralfs - argillic horizons redder than 5YR
 
Palexeralfs - solum thicker than ].5 m (60 in) of the
 

surface
 
Haploxeralfs - other Xeralfs
 

Agruclalfs - presence of an agric horizon 
Frag, .- lalfs - presence of a fragipan 
Ndtrudalfs - presence of a natric horizon 
Tropudalfs .- 'an surner and mean winter temperatures at 

50 cm (20 In) or lithic or paralithic contact, 
if shallower, differ by less than 5C (11-F) 

Ferrudalfs - presence cf a discontinuous albic horizon and 
discrete iron nodules 2.5 to 5 mm in diameter
 
in the argillic horizon
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Table 1 (continuutCion) 

SUBORDER 
 GREAT GROUPS
 

Glosuudalfs - presence of an albic horizon which tonsues 
'into the argillic horizon 

ra.eudalfs - sola deeper than 1.5 m (60 in) have a clay
distribution,that decreases lees than 20Z 
of its maximum within the 1.5 m (60 in)depth 

Hapludalfa -other Udalfs
 

*t4AT - rean annual temperature
 

+MST - mean summer temperature
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Table 2. Suborders and Great Groups in the Ultisols Order 

SUBORDER GREAT GROUPS 

Plinthaquults - plinthite forms over one-half of a 
,horizon within 1.25 m (50 in) of the 
surface
 

Or,agiaquults - presence of a fragipan

Tropaquults - mean suunner and mean winter temperatures 

differ less than 50 C (90 F)Aquults Paleaquults 
 - less than 10% weatherable minerals in
 
the upper 1 m (40 in) and a clay
distribution such that the clay content 
does not decrease more than 20% within
 
1.5 m (60 in) of the surface
 

Ochraquults - presence of an ochric epipedon
 
Umbraquults - presence of an umbric or mcllic epipedon
 

Plinthustults - plinthite layer within 1.25 m (50 in)
 
of the surface
 

Palcustults 
 - less than 10% weatherable minerals in 
the 20-200 P separate within 1 m (40 in) 
and a clay distribution with less than 
20% decrease withIn 1.5 ia (60 in) ofUstults the surface
 

Rhodustults - moist colour value less than 4 in all
 
parts and argillic horizon colour values
 
hls8 than 5
 

Tropustults  mean summer and mean winter temperatures
 
differ less than 5C (9'F)


Haplustults 
 - all other Ustults
 

Paleudults 
 - less than 10% weatherable minerals in the
 
20-200,u separate of the upper 1 m (40 in) 

Xerults and less than 20% clay content decrease
within 1.5 m (40 in) of the surface
 

Haploxerults  other Xerults 

Palehumults - less than 10% weatherable minerals in 
the 20-200 1 separate of the upper 1 m 
(40 in) and less than 20% decrease inHumults 
 clay content to a depth of 1.5 m (60 in)

Tropohumults  mean summer and mean winter temparatures
 
differ by less thatt 5*C (90F)
 

Haplohumults 
 other Humults
 

Frogludults - presence of a fragipan
Plinthudults - plinthite layer within 1,25 m (50 in) 

of tha surface
Paleudults 
 less than 10% weatherable minerals in the
 
20--200 V separate of the upper I m (40 in) 
and lass than 20% decrease in clay content 
to a depth of 1.5 m (60 in)

Rhodudults  moist colour value of epipedon less than
Udults 
 4 and dry argillic horizon colour values
 
less than 5
 

Tropudults 
 - mean summer and winter temperatures differ 
by less than 5*C (90 F)


Haplodults - all other Udults
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Fig. 2. Key to Suborders of Ultisols 
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L. MONCFPdPOEN
 
Soil Correlator
 
Soil Survey and Classification Division
 
Department of Land Development
 
Bangkok, Thailand
 

INTRODUCTION
 

The Mollisols include moot soils that have been called Chernozem,
 

Brunizem (Prairie), Chestnut, and Reddish Prairie, and the associated
 

Humic GLay soils and Planosols. 
They also include those Renzinas, Brom
 

soils, Reddish Chestnut soils, and Brown Forest soils that have a mollic
 

epipedon.
 

The vast majority of the Mollisols have developed under a grass
 

vegetation, although many apparently have been forested at an 
early time.
 

A few that formed from chalk or marl have apparently formed under forest.
 

Most of these soils in high latitudes have formed in late - Pleistocene
 

or Holocene deposits. Beyond L;. limits of glaciation, Mollisols may be
 

in older deposits of on older surfaces dating back perhaps to mid 
- Pleis

tocene or earlier, and these normally have an argillic horizon that has a
 

reddish hue.
 

The climatic range of Mullisols is from boreal or alpine to
 

tropical. Rainfall ay be sufficient to provide some annual leaching
 

through the soil in most year, or it may only be moisture in the solum.
 

Dry season are iormal.
 

GENESIS
 

The relative thick, dark - colored, humus  rich, and dominant
 

bivalents of Mollisols, from a gentic point of view is thought to be
 

formed as 
the process called "Malanization". The process consists of the
 

underground deconiposition of organic residues under the presence of
 

bivalent cations environment. The residues are decomposed partly from
 

roots and partly from the surface that have been taken underground by
 

animals.
 

A/Lecture presented during thu XIV International Forum on Scil Taxonomy

and Agrotechnology Transfer, 
arch 3-20, 1986, Philippines.
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CIAMIOSTIC HORIZONS 

The following horizona may occur in the Mollisols 

Epipedon • mollic
 

Subsurface • cambic, argillic, al.bic, natric, calcic,
 

petrocalcic horizon, and duripan 

Soil moisture regime : souic, ustic, udic, xeric, arid.c 

Ooil temperature regime : frigid to hyperthermic 

DEFINITION 

Mollisols are mineral soils that 

1. 	Mcet one of these two requirements
 

a. 	Have a mollic upipedon or
 

b. 	 have a Furfrce horizon after mixed to a depth of 18 ca. 

meet all rc(quiremL ta of a mollic epipedon and 

2, have buse saturation (NH4OAc) of 50% or more as follows: 

a. 	 presence of argillic or natric horizon 

a depth 1.25 m. 'below the upper boundary of argillic
 

or natric horizon, or
 

- to 


- to a depth 1.8 m. bclov the soil surface or to a lithic 

or )aralithic contact, *.#-Wichever is least. 

b. 	absence o- -.rgillic or natric horizon
 

-
to a depth 1.8 m. below the soil surface or to a lithic
 

or paralithic contact, whichever is least: and
 

3. 	have bulk cl-nsity (1/3 bar water tension) 0.35 or more if 

exchange complex is dominated by amorphous mnterial and have less 

than 	60% vitric volcanic ash, cinders or other pyrociastic 

material in the sIlt, sand and gravel fractions.
 

KEY TO SUB - ORDERS OF IMOLL!SOLS 

At the Sub - Orders level Knllisols orb separnted using the soil 

regimes, presence of alhic horizon and other soil properties.aoisture 
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The Sub - Orders arc sunmr ad in the. diagriii below:., 

AQU 

UDOLL; 

IS- jUMN.fLLS 
/EOROLLS \/ XROLL 

COOL
 

Ul TO GREAT GROUPS OF MOLLISOLS 

The Sub - Orders of thu iEollisola are ccparatd into Creat 

Groups using the presence of specific d4c.,uostic horizons, properties 

or soil temperature rcgiue. The criteria used include the followilv;: 

natric horizon 

argillic horizon
 

cambic horizon
 

calcic horizon
 

cryic or pargelic teuperature regime
 

distribution of clay content in th3 profile
 

presence of krotavinas
 

The Sub Orders and Gr .- Groups ar3 given in the table belowv 

Suborder and great groups of the 11olliso] order 

SUIORDEP GREAT GROUP 

Albolla Natraoolls -- presence of u:atric horizon 

Argialbolls presence of argillic horizon
 



SUBORDEa - GREAT GROUP 

Aquolls 

Cryaquolls 

Duraquolls 

,latraquolis 

Calciaquolls 

ArgiaquoIls 

11aplaquolls 

- have a cryic or pergelic temperature 

regime 

- presewce of a duripan 

- presence cf natric horizon 

presence of calcic horizon 

- presence of argillic horizon 

- presence of cartbic horizon 

Paleborolla - presence of argillic horizon at 

Crycborolls 

greater than nornxil depth 

have a cryic or pergelic temperature 

Borolls 

Natriborolls 

Argiborolls 

regime 

- presence of natric horizon 

- presence of an argiilic horizon close 

Veriborolls 

Calciborolls 

Haploborolls 

to the surface 

- presence of varmholes, warmcasts 

or tilled animal borrows 

- presence of calcic or petrocalcic horizon 

presence of cambic horizon 

Rendolls No great group developed 

Udolls 

Paleudolls 

Argiudolls 

Vermiudolls 

- presence of argillic horizon, clay 

content does not decrease by 20% from 

the 'maximum 

- presence of argillic horizon 

presence.of wormholes, wormcasts of 

Hapudols . 

filled aniial burrows 

prc2ence of carbic horizon 

Duriustolis 

Natrustolls 

-. 

-

presence of a duripan 

presence of a natric horizon 



R 

Ustolls Palcustolls 

Calciustolls 

Argiustolls 

Vermustolls 

iHaplustolls 

Durixerolls 

Natrixerolls 

Xerolls Palexerolls 

Calcixerolls 

Agixcr~lls.. 

Haploxerolls 

GREAT GROUP 

prescnicc of petrocalcic and argillic
 

horizon within 1.5 n/clay does not
 

decrease by 20% from the maximum 

- presence of calcic horizon 

-- presence of argillic horizon 

- presence of wormcasts, wormholes or 

filled animal burrows
 

- presence of cambic horizon
 

- precunce of duripan
 

- presence of natric horizon
 

presenco of petrocalcic horizon
 

or argillic horizon
 

- presence of argillic horizon 

-pres-cLe of ti~tlic.horizon 

- presence of cambic horizon 
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R.D. YECK 
Research Soil Scientist
 
National Soil Survey Laboratory 
Lincoln, Nebraska
 

INTRODUCTION, 

The rhyical and chemical propcrties of organic soils are vastly 

different those of mineral soils. -,-cauzie ct the unique properties of 

organic soils, pedologists have grouped th rs!?rately in the past and 

the authors of Soil Taxonomy. idertifie:i the at the highest categorical 

level by creating the Hstosol order. '"stoool i." from the Greek word 

Histos, neaninp a v.eb. and now used as a con-bining form meaning tissue. 

Figurcs I and 2 shou the distribt_ ion of organic soils (peat) in 

the world and in the United States, res'.,,.ct.vely. Peat areas occur in 

all climatic zores on all continnts but are n.ost common and extensive 

between latitudes 53 and 7' becaus. of a. --inciation and temperature.

moisture interrelatioshi cthiti ' iicL.atter accumulation at 

those latitudes, ;iin;_; L'.oL t:a... of its land area covered 

by peat while Sweden, Irclaj,/ Cariada, 'u.>;3: cotland, and 'Norway 

all have more toan i0 percent of th_-ir ai:ei covered hy peat. Not all 

of these areas as ho'.,var. l aritin.e cliates,Tould qualiry -istscJm, 

also favor the foraation of listosols in lo ! iying coastal areas. They 

occur elong the east a;orth A- .r.itricAsia.coastaf -

EveUCtL (&L3) point.. out that or.ae',; iiotter accuulates under 
-reducing or Pnaurobic conditions that a. _ dci dly, unfavorable for 

the biodegradation of organic .tter. : -.. ile adequate to 

excessive mob ture frequantly coriunmd ,.t> lou teonaeratures. 

Precipitation usually exceeds evapotran').tiet,. 

In addition to ULe organic soil. fou..-, ander saturated conditions, 

freely drained ;:istoeols occur as rezat:ly thin accumulations of 

organic plant litter on rociks (blanket h . ,'llie order istosols 

accommodates both types, but the saturat.A4 cie are much more extensive 
and economically imrortant. For the frcee,1 dra4nud organic soils 

(Folists) t: qualify as }!stosols.. they aust contain 20 percent orfanic 

carbon compared to a Tanimun r',anic carbon reauirement of 12 percent 

for the saturated 'Iistoeola. 

durin-, the on 
and Agrotechnology Trnnsf r, [hiji ,i,:es, 

thu-.ada-/Lecture prusented .TV Forum Soil Taxonomy 

http:saturat.A4
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For the saturated Histosol suborders, the minimum organic
 

carbon requirement varies trith the clay content. Because clay and
 

organic carbon are commonly the main chamically active soil components, 

the requirements for Histosols are intended to insur:! that organic 

matter is chemically dorainant. As clay cor .:znt increases from 0 to 
60 percent, organic carbon content must i:,cruase from 12 to 18 percent.
 

With no clay, organic carbon must be at leaL't 12 percent and, if clay is 60
 

percent or more, organic' carbon utist exceed 16 percent. The )roportlnal
 
requirements are shown gr.7phically 
on f ig, e 3. There is a lower organic carben 
requirement (8-42 percent) for plowed Ii:.:tli gipedons. Normally, data 

sheets express mineral content (determincd by dry combustion at 40d0 C) 

and organic carbon content (determined by wTyt combustion). The wet 

combustion method (alkley-Blachz) is reiaL u 10 percentul, to about 

organic carbon. The mineral content values irer thereficre, preferred. 

The dry combustion method rl- y riot be reliabe T;hI.n samples contain 

amorphous material or gypsum. 

Among the Histosol- chat are usuatly caturated, the degree of
 
decomposition, because of f!, jinpact on t-. ol's physical conditions,
 

is used as suborder criteria. The,e:,r. of ticomposition relates 
somewhat to the type of vegetation und:ilnp ducomposition, but 

perhaps more to water table fluctuation. "I,e more highly decomposed 

Histosols are normally Lmws with a fluctuatleg water table that allows 

for more oxidnion within the soil than iii the lss decomposed soils 

wheere water taLles are shallow and static. !ir the field, we are able 

to identify de;rue of ducoanosition b:,.s,.d or. the presents or absence 

of identifiable plant tiasue fibers They art- easily identifiable
 

and dominant in fibric horizons and are abce!nt in sapric horizons. 

Heric horizons are intermediate. lba:sa :rcertiea are also observable 

in thin secticns. With increasing d,-composit oI, Histosols become more 

dense and lose the sponge.-ike proiertins,. , noted In Soil Taxonomy 

(Soil Survey Staff, 1975) bulk densitL.s cor:on In fibric iarizons are 

J0.1 g/cc, between .07 and .li in hemic maat~rlals= and 0.2 or more in 
sapric materials. As the bulk densities vw.ry, the potential water 

holding capacity also varies. Saturated uoisture contents, as a volume 

percent, might be just less than 10'; in ,lric materials, 85-.90 t)ercent 

in heric ;aterials. and greater tha, about .2 15 percent in sapric 
materials. Although saturatd nois.ure .-ercentcges are not strikingly 

different, moisture retained agaiast 0. ba' iuction is more varied and 

more important to crop production, hu, ovU typically be near 75 
percent for snpr:c, near 60 Fercc..t fur hea!.c, 'ut near 30 percent for 

fibric materials (Loelter, 169". 
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The degree of decomposition is opurationally defined by both
 

physical and chemical criteria. The suborder criteria are shown
 

graphically on figCure 4. The definitions LrI aE follo.ws:
 

Fibric: >75 percent rubbed fiber, or >40 percent rubbed fiber
 

and light pyrophosphate co.or. Most fibric tmaterials are formed from
 

sphagnum mosses.
 

Sapric: < 17 percent rubbed fibr ;:nd dark pyrophosphate colors 

and are the most decomposed organic soils. Nearly all cultivated organic
 

soils have sapric surfaces. Shallow (tarric) organics are usually sapric.
 

Hemic: Fa.l to meet the rtquirements for sapric or fibric.
 

Hemic soils are commonly straw ycllow. Some :2ppuar highly fibrous,
 

but fibers disintegrate when rubbed.
 

The fiber content criterion dir!ct-l, r,.arures the degree of 
decomposition. The color criterion i: an np;lication of our knowledge
 
that as organic materia].s 6ico'vlosu ... ir:ic are formed. The darker 

colored humic acid in the :'rphoslhate .'.Lact relates to the degree 

of decomposition.
 

Grcat group criteria of Histosol.- -r' -,.Imarily based on
 

temperature regimaes (Cry, Lhoro, Tropo). OrL- xception is that of
 

Sulfahemists. All !istosolz, coat3i:tF sulfidic materials are 

classified as hSmi:sts ruardlcss of th du xre of decomposition. It 

was felt that these soils should be Lrouie because thetogether of 

large impact of the sulfur.
 

Thicker organic layers are required For fibric materials than 

for sapric or hemic materials, Mese cr:.turin rs..&tive to' the potential 

subsidence that occurs ,,hun the soils are drained. ribric material is 

less dense and would subside more than s'p-ric material i it were 

drained for farming. 

Histoso1s are i;imPortant timber and iz-g-Atble crop production soils 

so a few points about their exchange cat .-ity compared to minral soils1 

is useful. ',:he following is a comparison el tl-e surface horizon 

exchangeabla calcium of two Minnesota so.f.±: from the northern United 

States. 

T R0PLTRYIIC I AQUIC 

____ i '..)IIST (Oa), HAPLOBOROLL (Ap) 

Ca (meg/100 g) 
 .5 5.4
 

Bulk Density (g/cc) 0 04 1.40
 
3
Ca (meq/em.) 5,08.0
 

http:follo.ws


Histosols ....4
 

These data emphasize that, althour;h a nutrient expressed as a 
weight percentage in organic soils are comparatively large values, they 
are sharply decreased if exprossed as a volume percent. Since plant 
roots ramify a soil volurno rather than a soil. eight, a volume 
expression provides a more meaningful rithod of comparing nutrient
 
content betiueen organic and tin,2ral soils. Ot.hcr nutrient expressions 
and the cation exchange cpipaciLy are also high wheo expressed as weight 
parcentages in Histosols. bur :ore nearly lk uineral soils when 
expressed as a volume percent. These sol± '.iav, a large pH-dependent 
charge, so the effective CEC (suni of cat.,-ns I-ius VC1 aluminum) is the 
most useful CEC expreoaioa for agrono ifca useo i Fairly typical Histosol 
data are shown in table± 1, data from, a Oiit,.i.oleaDorosaprist. 

Nutrient status of :;Ilstools is qu.'to variable and i-pends, to 
a large extent, on the dL.ooived nutrients 'n the water feeding tile 
organic soilc. This, in turn. affects di-. tyro of plants that grow on 
a given Histosols. Froqucni., !tist..c:n r' .' -- liming for productioni 

of cultivated crops. RiuLremonts fr . -iti(nalplant nutrients as 
fertilizer -,re variable but coa,,,,n.y a)uLouuand micronutrients 

are deficient in Histosois. 

listosols require careful. mrna,,;ooL %;irndrained and cultivated 
to control the loss of seil muiterial by u:,ddation and wind erosion. 
Uater tables are! usuilly corefully controlled to optimize crop production 
and minimize soil loss.
 

We have discuss.,l the -op ,rti s of >:iutosols and their placement 
in Soil Taxonomy as well a someu ot the c::.era for placement. Additional 
discussion and mo;'e specific criteria nr, .iscussed in Chapter 1, of 
?edogenesjs and Soil Taxonomy. Ii. The Coil Orders' (Everett. 18-). 
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Soil mineralogy is considered one of the most important
 

determinants of the soil capability. In rice production for example,
 

strongly weathered soils in which the clay fraction is dominated iron
 

oxide and kaolinite are considered poor soils for rice. Soils acquire

most of their properties from the minerals they contain although some
 

of the manifestations are hardly differentiable from the influence of
 

soil texture. These proprerties include water retention capacity,
 

permeability, plasticity, shrinkage swe.ling, and cation-exchange
 

capacity. The importance that soil mineralogy plays in soil
 

classification is recoZnizable even in the old system where certain
 

soil groupings embody certar. properties unique to certain mineralogical
 

component. In Soil Taxonomy (1975), mineralorical composition appears
 

at the family level of the classification scheme.
 

The objective of this paper is to discuss the common soil
 

minerals, their properties, and their impliiations to scil management.
 

Emphasis will be given to tropical soils with regards to the influence
 

of soil minerals on their characteristics.
 

The minerals commonly found in soils are given in Figure 1.
 

These include the- crystalline and non-crystalline fractions of soil
 

inorganic material.
 

Soil Taxonomy (1975) recognizes 15 mineralogical classes not
 

including mixed mineralogies as follows:
 

OXIDES AND HYDROUS OXIDES 

Ferritic Oxidic 
Gibbsitic Siliceous 

1/
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SOIL CONSTITUENTS
 

WATER SOLID AIR
 

INORGANIC ORGANIC 

CRYSTALLINE NON-CRYSTALLINE 

Hydrous oxides of Alumino-silicates
 
iron, aluiInum and 1) allophane
 
silicon 2) imogolite
 

: 1) plant opal 3) glass
 
2) hydrated gels
 

Oxides and Silicates Slightly Soluble 

hydrous oxides soluble salts salts 

of Fe, Al, Mn, 
Si, and Ti 

Figure 1. Minerals commonly found in soils. 
(After Uehara, 19 ). 
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SILICATES
 

Chloritic Kaolinitic 
Glauconitic Mlicaceous 
Halloysitic
lllltic 

Montmorillonitic 
Sernentinic 

SOLUBLE SALTS
 

Carbonitic Gypsic
 

MINERALOGICAL COMPOSITION OF SOILS
 

The saine factors of soil formation determines the occurrence 

of clay minerals in soils. These factors are: parent material, 

relief, time, biotic factors, and climate. Largely because of 

climate, a significant proportion of sils in the temperate region 

differs from those of th tropical reion. Soil temperature and
 

moisture are two climatic factors that determine much of the 

differences between soils developed it,the humid tropical zone and
 

those in the temperate zone. A soil developed in the humid tropical 

zone, is usually more weathered than one developed in the temperate 

zone. Consequently, minerals frequently found in tropical soils 

belon ; to the more weathered members cf the series such as kalirite 

and 3ibbsite. This can be easily untlerstood if one follows the 

weathering of feldspar to mica or montmorillonite to kaolinite and 

then to gibbsite. The rapid loss of potassium from feldspar under 

high temperature and high leaching environment facilitates the 

weatherin2 of this mineral to kaolinite or gibbsite. 

A. Primary minerals in soils
 

The primary minerals in the soil make up bulk of the 

sand and silt fractions of most soils. The most abundant 

primary soil minerals are quartz and feldspars (,Jackson, 

1964). Potassium feldsFars occur commonly in the course 

fractions but may also be abundant in the clay-size fraction 

of very young scild. Pyroxenes, amphiboles, olivine and 

other accessory minerals may be present in smaller percentages. 
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B. 	Carbonate minerals in soils
 

Calcite is the most abundant carbonate mineral in
 

Calcite could be inherited from limestone, marl,
soils. 


chalk and marble parent materials or formed in the soil
 

as it accumulates in the C horizon of some soils in sub

humid and arid reyions.
 

C. 	 Layer silicate or phyllosilicate minerals 

The layer silicate or phyllosilicate soil minerals 

are classified under three types, namely 1:1, 2:1, and
 

These numbers refer to the layer silicate
2:1:1. 


ie formed by the tetrahedral silica
structures which 


sheets attached to octahedral hydroxyl sheets.
 

The 1:1 type layer silicates common in soils are
 

The layers are composed of a
kaolinite and halloysite. 


tetrahedral sheet and an octahcdral sheet in which the
 

and Al aire 	 satisfied by four oxygen atoms
valcncy of 	Si 

but one of 	the oxygen for Al is
for Si and 	six for Al 

and theshared with a Si throug.h which the silica sheet 

-
Successive 	layers
octahedral sheet mrP combined. 


are joined tc other by H bonds giving 7.2 A X-ray 
interval.
 

Isomorphic substitution in the crystal structure 
is very
 

little compared to other layer silicates. The almost fixed
 

layers and limSited substitution in the lattice 
accounts for 

the low CEC, limited surface area, very low 
plasticity, and 

non-expandability of the layers.
 

Halloysite 	resembles kaolinite except that a layer
 

of water is hydrogen-bonded in the interlayer 
position.
 

The unequal distribution nf forces in the lattice causes
 

hence the 	 curling
the expansion of the tetrahedral sheet, 

the mineral. The structure in which 
or tubular 	structure of 

_tn-n in fullv hydrated contains a maximum
-_ 
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of four water molecules per formula weight and is known as
 

endellite or hydrated halloysite. The structure from which
 

the water in the interlayer-has been removed is called
 

halloysite or metahalloysite.
 

The 2:1 type layer silicates occuring extensively
 

in soils are montmnwrillonites, vermiculites, and micas.
 

These layer silicate minerals are composed of two silica
 

tetrahedral sheet per octahedral sheet. The montmorillonites
 

have some isomorphic substitution in the crystal lattice but
 

largely in the tetrahedral sheet where Al substitute for Si.
 

This substitution creates a net charge for the crystal
 

structure. Substitution in montmorillonite may also occur
 

in the tetrahedra] sh'et by P for Si and/or Mg, Fe, Zn, 

Ni, and Li for Al in octeheilral coordination. These
 

substitution creates a permanent negative charge within
 

the lattice which .y be neutralized!by cations in the
 

interlayer positions.
 

The mo tmorillonites or smectites have freely expansible 

layers due to the weak bonds between layers. The spacing
 

ranges from J? to 18 A and varies with the cation species 

and der-ree so]vation of the caticns in the interlayer. 

Complete dehydration gives a spacing of less than 10 A while
 

full hydration expands the layers completely apart. This
 

accounts for the large sur[E ce area, shrink-swell characteristi 

and high plasticity and cohesion in montmorllonite.
 

Vermiculite has a structure- similar to mnontmorillonite 

except it has more substitution in the lattice resulting in 

greater charee density. Substitution in vermifulite is 

predominantly in the tetrahedral sheet which results in 

closer bond of the exchangeable cations in the interlayer 

position with the negatively charred layers and limiting 

expansion to about 4.98 A only. 
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Mica has same basic structure as montmorillonite
 

that in mica some Si in the tetrahedraland vermiculite except 

sheet are substituted by Al which is the reason for its
 

greate:'char-e density than vermiculite. The layers in mica, 

however, are held strongly together by K in the hexagonal
 

positions in the interlayer space. Consequently, the layers
 

are fixed and interlayer space does not contribute to cation
 

exchange.
 

The 2:1:1 type is like the 2:1 type with an additional
 

This additional sheet has Mg
octahedral sheet in the layer. 


or Al in octaheriral coordination. The substitution of Al for
 

Mg create positive charge in this additional sheet. Minerals
 

under this type are known as chlorites which have low surface
 

area and cation exchange capacity.
 

D. 	Oxide and hydrous oxide minerals
 

The oxide and hydrous oxile minerals occur extensivel
 

in soiLs. As soils become intensively leached, the removal
 

of Si results in the accumulation of Fe, Al, and Ti in the
 

form of hydrous oxides. These minerals range from highly
 

crystalline to non-crysalline an! posses variable and pH

dependent charges.
 

Gibbsite is the most ibun'lant free hydrous oxide of
 

alumina in highly weathered soils of the tropical and
 

Gibbsite is crystalline but amorphous
subtropical regions. 


hydrous oxides of aluminum also rccur. Boehmite occurs
 

in intensively leached and hi7.hly weathered soils usually
 

together with uibbsite.
 

The most common iron oxides in soils are hematite and
 

and goethite. Heinatito may occur in silt and sand fractions
 

Iron oxides of soils are usually derived from
of Oxisols. 


Under pooily drained
weatherinp 	of iron-bearing minerals. 
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soil conditions lepidocrocite, an isomer cf goethite, may
 

occur as reported in some rice soils in Japan (Kojima and
 

Kawagudhi, 1968a, b). Magnetic iron oxides, magnetite and
 

maehemite, occur in the sand and silt fractions of certain
 

highly weathered soils.
 

Titanium oxtl rilievals .uoimon in soils are rutile 

and anatase. Rutile may be derivedftnw pazent rooks while 

anatasermay be formed during soil weatherinE . Another
 

titanium oxide is iliminite (tcZether with iron oxide) is
 

common in Hawaiian soils. It is believed to be derived from
 

mafic rocks.
 

E. Alloph~ane
 

Allophanes are "members of a series of naturally
 

occurring minerals which are hydrous aluminum silicates of
 

widely varying chemical composition, characterized by short
 

range order, by the presence Si-O-Al bonds, and by a 

differential thermal analysis curve displaying a low 

temperature endotherm and a high temperature exotherm with
 

no intermediate endotherm" (van Olphen, 1971). Allophanes
 

are generally amorphous to X-ray, soluble in excess stron7
 

alkali, release OH on addition of F, exibits a hirh pH

dependent CEC, and strongly associated with organic matter
 

in Andisols.
 

MINERALOGY OF RICE SOILo
 

Studies of rice soils in the Asia2n region showed many kinds of
 

minerals besides the major primary an, seconda-y minerals (Kyuma, 1978)
 

These minerals includle lepltocrocite, siderite, jarcsite, and vivianite
 

(Kyuma. 1978). Lnpidcrncite ( (- FeOO1) wat found dominant in most 

Japanese rice s(c.samples but was rot found in samples from tropical
 

Asia. Siderite is a ferrows corh.onate, found in permanently wet rice
 

soils. Its nodules or concretions turn fr; i white to brown when expos41
 

\ 
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to air. Jarosite _KFe3 (SO4)2(OHJ is straw-yellow colored mottles 

found in soils of brackish sediment origin and usually associated with 

acid-sulfate soils. Vivianite /Fe3 (P0) 2 .8H207 may be formed in 

highly reducing high phosphorus conditions. It could be seen as 

whitish mottles which becomes purple when exposed to the air. 

MINERALOGY AND SOIL ORDERS
 

The dominant clay minerals of the various soils orders for
 

mineral soils are listed Table 1. The differences among the soil
 

orders will not be tackled in this paper since it is assumed that a
 

lengthy discussion has been provided earlier.
 

Table 1. Dominant clay mineral types in various soil orders. (Fom
 
M.L. Jackson, 1q611 with slight modification) 

ORDER DOMINATN CLAY MINERALS
 

Inceptisol Allophane, mica, interstratified layer silicates
 

ollisol Smectites, mica, vermicUlite, chlorite
 

Alfisol Illite, smectites, 2:1 to 2:1:1 intergrades, chlorite,
 
kaolinite
 

Ultisol Kaolinite, halloysite, vermiculite, 2:1 to 2:1:1
 
intergrades, sesquicxides, gibbsite 

Oxisol Sesquioxides, Eibbsite, kaclinite, 2:1 to 2:1:1
 
intor;,raes 

Aridisol Illite, vermiculite, chlorite, interstratified layer
 
silicates, chlorite
 

Entisol Highly variable
 

Vertisol Smectites
 

Spodosol Sesquioxides, interstratified layer silicates, 2:1
 
to 2:1:1 intergrades, illite
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Table 2. Cation exchange capacities and surface area of soil minerals
 
(Adopted from Zelazny and"Calhoun, 1971) 

I C. E. C. SURFACE AREA 
SOIL MINERALS M-EQ/iOO, m2/g 

Kaolinite 3-15 7-30 
Metahalloysite 5-10 10-45 
Halloysite 10-40 10-45 
Montmorillonite 80-150 600-800 
Dioctahedral vermiculite 10-150 50-800 
Trioctahedral vermiculite 100-200 GOO-800 
Muscovite 10-40 60-100 
Illite 10-40 65-100 
Allophane 5-350 10-800 
Oxides and hydroxides 2-6 100-800 

Table 3. Soil orders and properties related to their clay mineralogical
 
composition )Adopted from McLean, 1971).
 

ATRIBUTE L MOLLISOLS 


Type of clays Illite, Mont. 


Crystallinity Cryst. 

of clays 


Ion exchange High cation 

capacity 


Ca & Mg Rel. high 
saturation 

P fixing Low 

capacity
 

K release H ih 

tendency
 

Stability of Excellent 

soil structure 


I ALFISOLS 


Chloritized 


mont. and 

illite
 

Cryst. 


High cation 


Medium to low 


Med. 


Med. 


Good to fair 


ULTISOLS ' 


Kaolinite, 


hydrous oxides 


Cryst. and 

amorph. 


Low cation 


Low 


High 


Low 


Fair to poor 


OXISOLS
 

Hydrous cxides
 

kaolinite
 

Amorph. and
 
cryst.
 

High anion
 
low cation
 

Very low
 

Very high
 

Low
 

Good to
 
excellent
 

/ 
" 2!, 
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HYSICAL PROPERTIES OF SOILS
2/ 
EDUARDO P. PANINGBATAN, JR.
 

Soils in their natural state are characterized as a three

phase system of solid, liquid and gas. The solid component is
 

composed mainly of organic matter and inorganic particles
 

varying in size, shape and mineralogical composition. For
 

mineral soils the inorganic component constitute at least 80%
 

of the total mass or weight of solids as opposed to organic
 

soils, like peat and muck, which contain more than 20% organic
 

matter. Because of infinite variations in sizes, shapes and
 

orientation, the mutual arrangement of the solid particles
 

determines the geometry and characteristics of the spaces or
 

interstices formed between the particles. These spaces which
 

are interconnected and having enlarged portions tcaverns)
 

interlinked with narrower portions (necks) are referred to as
 

pore spaces in which the water and gas components are
 

transmitted or retained.
 

The water In the soil which is commonly referred 
 to as
 

soil moisture contains dissolved substances so that it is also
 

called soil solution. Soil air is actually a mixture of gasses
 

similar to that of the atmosphere containing primarily
 

nitrogen, oxygen and carbon dioxide. Due to root respiration
 

and organic matter decomposition soil air is richer in carbon
 

dioxide than atmospheric air. Since water and air are situated
 

in the pore spaces their respective amounts in the soil at
 

any given time vary inversely with the other. In a submerged
 

1/
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paddy field all pore spaces are filled with water but
 

negligible volume of air.
 

Volume gDA Mass Relationship of Soil Constituents
 

Under natural conditions, the soil constituents stronalv
 

interact with each other so that it is difficult to define
 

physically each phase independent from the other. However, for
 

,the sakqdf expressing quantitatively their proportions and
 

in definig some basic soil physical properties, the mass and
 

the coresponding volume of each soil constituent can be
 

schematically considered independently as presented in Figure
 

1. The histogram in Figure 1. is divided in three sections;
 

the lower section represents the solid phase, the middle
 

section the liquid phase; and the top section the gaseous
 

phase. The coresponding mass of each component are on the
 

right-hand side; the mass of air (Ma), which is usually
 

considered to be zete; the mass of water (Mw); the mass of the
 

solids (Ms); and the total mass, (Mt); The volumes of the
 

same component are indicated in the left hand side of the
 

histogram; namely; the volume of air, (Va); the volume of
 

water (Vw); the volume of pore spaces (Vp) in which Vp = Va +
 

Vw; the volume of solids (Vs); and the total volume of the
 

soil (Vt) in which Vt = Vp + Vs.
 

On the basis of the diagram in figure 1, the following
 

basic soil physical properties which are related to the masses
 

and volumes of the soil constituents are quantitatively
 

defined.
 

(a) Soil densities. By definition density is the ratio of
 

the mass or weight of an object to its volume. In soils there
 

are two types of densities deperding on which volume of the
 

soil is being used in the calculat'on. If the total volume (Vt)
 

is used, the density obtained is referred to as bulk density
 

9 



(Db). On the other hand if the volume of the solids' or
 

particles alone is used, the density is called particle density
 

(Dp). Using the diagram in figure 1 these densities are
 

quantitatively defined as follows:
 

Db = Ms/Vt = Ms/(Va + Vw + Vs) 

Dp = Ms/Vs
 

in most minerai soils ne average parviu.1.e -uena1.iy ja 

about 2.65 gm/cm3. For a given soil, particle density is a 

fixed. or stable property and does not vary significantly on 

soil management. It varies from soil to soil 1 

their mineralogical composition and organic matter content. 

Soils high in iron minerals tend to have slightly higher-values
 

while soils with high organic matter content have lower values
 

of particle density.
 

Bulk density is affected by the structural arrangement or
 

packing of soil particles. Its value is sensitive to changes
 

in the volume of pore space, hence the total volume of a given
 

mass of soil. Lower bulk density values are Associated with
 

well-aggregated soils because aggregation usually leads to an
 

increase in the volume of pore space (Vp) through an additional
 

number and volume of large pore spaces developed in between
 

soil aggregates. Because of its low density, organic matter
 

affects directly bulk density. The effect of organic matter in
 

promoting soil aggregation contributes indirectly to lower
 

values of bulk density.
 

Any condition that brings about alteration of the
 

arrangement of soil particles will cause change in the volume
 

of pore space or total volume per unit mass of soil.
 

Deterioration of soil aggregates resulting from continuous and
 

improper cultivation of a soil leads to increase in bulk
 

3
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density. Cultivated and compacted soils generally have higher
 

bulk densitythan their virgin soil counterpart.
 

clay textured
It is alpo&!a"common observation that fine or 


sandy souis.
soils have lowerkbulk densities than coarse or 


Although less apparent when randomly arranged plate-like clal
 

particles tend to produce larger amount of pores than the
 

spheriodal coarse particles. Furthermore, clay content iE
 

positively correlated with improved degree of soil aggregation.
 

processes also result to variation ir
Certain pedogenic 


a soil profil.
bulk densities among the horizons of 


.movement of fine or clay particles from the A horizon and their
 

the B
subsequent accumulation in the macro pore spaces of 


causes higher bulk density in the subsoil. Swelling
horizon 


some clay minerals decreases and increases,
and shrinkage of 


the bulk density of a some soils depending on
respectively, 

U - - Z.4. . ,cntent. 

(b) 	 Porosity (N). Porosity is the proportion of the
 

of a soil
total pore space volume (Vp) to the total volume 

(Vt). Expressed in percent, total porosity N is given as 

N= V X 100 
Vt 

It is very difficult to measure directly Vp, hence, in
 

bulk
practice total porosity is calculated using the data of 


density (Db) and particle density (Dp). The relation used is
 

given as:
 

decreases. Bulk density is therefore often used as an 


N = (I-Db/Dp) X 100 

The above equation implies that since Dp is almost 

constant in soils, total porosity increases as bulk density 

index of 

total porosity changes in comparable soils. Porosity depends
 

Factors tending to promote
both on texture and structure. 




,stablesoil aggregation increase total porosity. On the other
 

hand 'improper and fteruentcultiVation may enhance faster
 

6e01ine of' Soil organic matter and destabilizes the soil
 

aggvegate3 which may adversely affect total porosity.
 

-(co) Mosture Contet The moisture content of the 

soil can be expressed in various ways.o 

indexrp the following. 'jf~ 

I. Gravimetric moisture content (Om). This' Is the mass
 

QV water relative to the mass of dry soil. The term "dry
 

s-oil" refers to a soil dried to equilibrium in an oven at 105
 
0 
C, hence, the mass of "dry soil" which is measured
 

gravimetrically is referred to as "oven dry mass" or "oven dry
 

weight" of the soil. The mass of water (Mw) is the difference
 

between the gravimetrically measured weight of a soil sample at
 

moist and oven dried moisture conditions. With reference to
 

figure 1 gravimetric moisture content is calculated as:
 

Ow = Mw/Ms ; gm/gm
 

2. Volumetric moisture content (Ov). This expansion of
 

water content is represented as:
 

Ov = Vw/Vt ; cm3/cm3 

Since in most cases moisture content determpatiops utilized 

disturbed soil samples, the total volume of the,sll'r. (),, s 

not measurable, hence, an alternative formula is used in the 

computation of volumetric moisture content given as; 

Ov = Qw x Db/Dw 

In such a case, it is necessary to determined both the 

gravimetric moisture content (8w) and bulk density (Db) of the 

soil. Dw is density of water which is usually equal to 1 

gm/cm3. 

3. Height or depth of water in the soil (Hw). This
 

expression of water content is used more often 
 by engineers
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because it is more adaptable to the computation of water
 

quantities added and substracted to soil by irrigation or rain
 

and by evapotranspiration or drainage, respectively. The above
 

water quantities are often expressed in terms of cm height of
 

water., Height of water (11w) in the soil Is calculated using
 

the formula.
 

Hw = Ov x Ht
 

Where Ov is the volumetic moisture content and Ht is the total
 

height or depth of soil in question.
 

Soil texture
 

The "texture" of a material is an expression of its 

coarseness or fineness when the material is rubbed in between 

the finger. A soil maybe coarse, medium or fine in texture 

depending upon the dominant ,size, . or ,size, range of the 

particles. Quantitatively, soil texture refers to the relative 

proportions of various inorganic particles belonging to a 

particle size range in a given soil. The most commonly used 

three size ranges of soil separates are the sand, silt and 

clay. Two classification scheme of grouping soil particle 

sizes are the International Soil Science Society (I.S.S.S.) and 

the United States Department of. Agriculture (U.S.D.A.) 

classifications. Table 1 presents the details of these 

schemes. 

Table 1. Particle classes and their size ranges. 

Separates Diameter (mm)
 

U.S.D.A. International
 

Sand 2 -0.05 2 -0.02'
 
Very coarse sand 2 -1.0
 
Coarse sand 1 -0.5 2.0-0.2
 
Medium sand 0.5-0.25 2.070.2
 
Fine sand 0.25-0.10 6.2-0.02
 
Very fine sand 0.10-0.05
 

Silt 0.05-0.002 0.02-0.002
 
clay <0.002 <0.002
 

http:0.10-0.05
http:6.2-0.02
http:0.25-0.10
http:0.5-0.25


Sand, the soil separate with largest particle size range, 

possesses very low specific surface (surface area per unit 

quantity), hence, have negligible influence on the fertility, 

chemical reactivity and water retention ability .of soils. 

However, this separate provides large pore. 8po -isi z'tpR",; 

facilitates movement of air and water. 

Clay separates, due to smallness in size and plate-like
 

shape, has tremendous amount of specific surface area. 
 As a
 

result this separate imparts significant infiuence in
 

controlling properties and behavior of soils. Clay 
retains
 

high amount of water and plant nutrients in its surfacen which
 

can later be realeased anrid taken up by plant. Placticity and
 

stickness of a moist soil is also dependent upon the amount
 

and kind of clay present.
 

The silt particles have properties in between the two
 

extremes of size.
 

Soils contain varying proportions of the three soil
 

separates. Depending upon the relative proportion of sand,
 

silt and clay content, soils aie classified into textural
 

classes. Classifying soils according to textural classes
 

requires the used of standard technique of sieving and of
 

sedimentation of mechanically and chemically dispersed 
soil
 

samples. The relative amount of the three separates expressed
 

in % sand, % silt and % clay of a soil sample are referred to
 

a textural triangle presented in figure 2 where the textural
 

class is identified. The triangle identifies twelve textural
 

classes which can, for convenience still be classified into
 

broader classes.
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(a) 	Clay group or fine-texture soil
 

1. Clay *
 
2. Silty Clay
 
3. SaridytClay
 

(b) 	Loam group
 

Moderately fine-textured soil
 

1. Clay loam
 
2. Silty Clay loam
 
3. Sandy Clay loam
 

Moderately coarse-ttxtured soil
 

1. 	Silt Loam
 
2. Loam
 
3. Sandy Loam
 

(c) 	Silt
 

(d) 	Sand group or coarse-textured soil
 

1. Loamy sand
 
2. Sand
 

In general, fine-textured soils are more fertile than
 

coarse-textured ones because of their ability to hold and
 

supply plant nutrients. Because of the dominant micro pore
 

sizes, the water holding capacity of fine-textured are greater
 

than the coarse-textured soil. But soils with high clay
 

content hecomes very hard when dry and very sticky when wet.
 

Tillage therefore would be difficult to perform at certain
 

moisture contents. When tillage operations are done on a
 

fine-textured soil at drier moisture contents "heavy effort" if
 

needed. On the other hand, at higher moisture content the3
 

become sticky and plastic.
 

Loam is a soil that exhibits the inherent properties and
 

characteristics of the three separates (sand, silt and clay)
 

in almost equal proportion. It is mellow with some gritty
 

feel, fairly smooth and only slightly plastic and slightly
 

sticky when moist. It is moderately well-aerated neither
 

easy nor difficult to till and is preferred for upland crops
 

agriculture.
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Sands or coarse textured soils are the exact opposite of
 

t a clays in characteristics; being droughty, less fertile,
 

we~i aerated, non-plastic, non-sticky and easy to cultivate.
 

Soil..u
Structure-


In their natural occurrence, the solid particles
 

particularly those in the fine to moderately-fine textured
 

soils exist not as individual units but as clusters of
 

particles held together by binding or cementing agents (humus,
 

oxides of iron and aluminum, and colloidal clays). These
 

clusters of individual particles are called peds or aggregates
 

which, qe..ein turn held together by weaker binding forces to
 

form the soil mass. The pattern of spatial arrangement of
 

individual soil particles into aggregates and the aggregates
 

into the soil mass is referred to as soil structure.
 

In field examination, qualitative description of soil
 

structure includes the grade or relative durability of the
 

peds, the class or size of the peds and the type or shape and
 

arrangement of peds. The folowing schemes are used to
 

describe this feature
 

a) 	 Grade
 

0. 	Structureless - no observable aggregation
 

1. 	Weak - poorly formed, non-durable indistinct peds
 
breaking into a mixture of a few entire and many
 
broken peds and much unaggregated materials.
 

2. 	Moderate - well formed, non distinct in
 
undisturbed soil, that breaks into many entire
 
and some broken peds but little unaggregated
 
materials.
 

'-	 3. Strong - durable, distinct peds, weakly attached
 
to each other that breaks almost completely into
 
entire peds.
 

9
 



bJ 	 Class (dine ofl|
 

.*. A 	 . d,, 

1. Very th11 

6r "tY' f LUS <1 mm <10 M~m <Sx~<1 mm 

F.ind of tlii 1-2. 16-40 i-G1-2 

3'. 9661am 2-5 2C- 2-5 

4. Coarse-or 
5-10 ~ 2-Si)5-10o~-~o 

5.. 	Very coarse
 
or very Ehfck >10 >100 >5 "
 

(C) 	 Tpe sd n arrangement) 

1. 	 Plat - limited vertical axis, arranged around a 
horizontal plane. 

2. 	 Prismatic - horizontal axis shorter than vertical,
 
arrange around a vertical line, well defined vertica]
 
faces and angular vertices.
 

3. 	Columnar - like prismatic except that vertice witt
 
rounded caps.
 

4. 	Blocky - blocklike having plane or curved surfacee
 
accommodated to the faces of surrounding peds.
 

i. 	Angular blocky - faces flattened, verticee
 
sharply angular.
 

ii. 	 Suhangular blocky - mixed rounded flattenec
 
faces, many rounded vertices.
 

5. 	 Spheroidal - spheroids or polyhedrons with plane oz
 

curved surfaces, slight or no accommodation to the
 

faces of surrounding peds.
 

i. 	Gzanular - relatively non-porous peds
 
ii. 	 Crumb - porous peds
 

Soil structure is usually evaluated quantitatively usinc
 

a number of indices. Some of these are bulk density
 

porosity Pore-size distribution and soil aqgregation." The
 

degree of soil aggregation which includes stability and siz
 

distribution of aggregate cer le evaluated by subjectinc
 

aggregated soil sample to slaking action of water.
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Since the above Indices directly or indirectly measure
 

te icharactsris1lsc of the pore space, and'the' arrangemen,
 

sizet ard' position of the individual sblid particle and the
 

peds," il structure Influences various processes affecting the
 

"movement'and retention of water and air in the soil 'such as
 
ntitratlon; aprcoilation, capillary rise, and aeration. It
 

influences mechanical impedance to root growth. 
 Als, it
 

serves'as an important basis in differentiating soil bodies.
 

Soil consistency signifies the'marner in which the forces
 

of cohesion and adhesion acting within the soil are manifested
 

at various moisture contents. Thus a cohesive soil, e.g.
 

fine-textured soil, when dry is hard and behaves like a solid
 

when moist is friable and behaves like a semi-solid tha
 

crumbles into pads, when wet is plastic and sticky, and whe
 

saturrted is viscous and behaves like a liquid.
 

Cohesion forces play an important role in the consistency
 

transformation of a wetting previously dry soil as presented
 

in Figure 3. In Fig. 3 the cohesion within the aggregate
 

(intra-aggregate) and between agjregates (inter-aggregates) is
 

recognized which influences the consistency of the soil- mass.
 

Intra-aggkegate cohesion is maximum at the very low moisture
 

contents due to attraction forces between primary particles
 

which are fully developed because of minimum separation between
 

them. As more water is imbibed in between the plate-like solid
 

particles cohesion decreases, individual aggregate becomes 'soft
 

or even swells depending upon the nature of clay and amount of
 

binding aqents.
 

Interaggregate cohesion shows a different pattern with
 

increasing moisture content. At very low moisture content
 

total cohesion'between the aggregate is very low due to' very
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little contact between aggregates. With increasing moisture
 

content the aggregates swell causing confronting surfaces to
 

mOVe o,,bser together and water. surroundin regates
 

provides pulling force, so thae this kind of
 

increases with increasing water content reaching, a maximum
 

vaJue at stcy poi surfaces
i where soil mass adheres to the 


of other bodies such as plow, disc and other implements. With
 

more water, the water films coalesce and the pulling force
 

dissipates, while the aggregate are pushed farther apart thus
 

cohesion decreases with further increase in water content.
 

There are methods employed to follow soil consistencies.
 

The Atterberg limits, namely, liquid limit, plastic limit and
 

shrinkage limits have gained acceptance among soil engineers in
 

describing the physical state of the system. The limits are
 

defined by the water contents required to produce specified
 

degrees of consistency that are measured in the laboratory.
 

Liguid limit ML) approximates the minimum moisture
 

contehA. at which the soil may exhibit a ten p undergo
 

liquid flow when subjected to some f6rm of str
 

content greater than LL the soil becomes viscous and acts like
 

a liquid. Plastic limit (PL) estimates the minimum moisture
 

content at which a soil may undergo deformation without
 

rupture, so that at moisture contents between LL and PL the
 

soil behaves like a plastic. It is within this range of
 

moisture contents that the soil possesses highest degree of
 

stickiness, plasticity and compactness. The difference between
 

the moisture contents at LL and PL is known as plastic number
 

or index. Plastic number as well as the other Atterberg limits
 

depends on the amount and mineralogy of the clay, aAd the
 

organic matter content of the soil. Thus, with known clay and
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organic matters contents plastic number sometimes is used to
 

guess the mineralogy of the soil.
 

For a shrinking system, as in the'cases of many clay
 

soils, drying or removal of water will cAuse a reduction in
 

soil volume. As water is continously removed from the soil,
 

'eventually a point is reached W)ere further shrinkage stops.
 

At this point of moisture content,: the soil is said to have
 

reached the shrinkage limit (SL).
 

As also shown in figure 3, tillage operations are best
 

done at moisture contents between SL and PL when the soil is
 

friable. Minimal energy is required to prepare the land for
 

seedbed. Below' this range the soil is hard and will require
 

very high amount of energy or work to pulverize the soil. At
 

moisture content above this range or between PL and LL the soil
 

is plastic, soil structure is easily destroyed',; the-soil is
 

easily compacted and easily sticks to the plow or other farm
 

impliment. Above the LL, the soil is easily puddled with
 

maximum destruction of soil structure.
 

Consistence when moist is normally used in field
 

description of this property. At this moisture condition most
 

soil materials show a form of consistencies characterized by
 

(a) tending to break into smaller masses rather than to powder,
 

(b) some deformation to rupture, (c) absence of brittleness,
 

(d) ability of the materials to cohere again when passed
 

together. To evaluate consistency, a moist soil mass is taken
 

with the hand and the following may be descriptive:
 

0 - Loose: Noncoherent
 

1 - Very friable: soil material crushes under very gentle
 
pressure but coheres when pressed together.
 

2 - Friable: soil material crushes easily under gentle to
 
moderate pressure between thumb and forefinger, and
 
,coheres when pressed together.
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3 - Firm: Soil materials crushes under moderate pressure 
between thumb and forefinger 'best resistance is 
noticeable. 

4 - Very , firm: Soil material crushes under strong 
pressure: barely crushable between thumb and 
forefinger. 

"V5t-Extremely firm: Soil material crushes under very
 
strong pressure, cainnot be crushed betwe4i~nthumb and
 
forefinger and must be broken apart bit by bit.
 

Consistence when wet is described according to the degree
 

of plasticity and stickiness. Plasticity is the ability to
 

change shape continuously under the Influence of an applied
 

stress and to retain the impressed shape on removal of the
 

stress. Stickness is the quality of adhesion to other object
 

or material. The consistence of soil material when dry is
 

characterized by rigidity, brittleness, maximum resistence to
 

pressure, more or less tendency to crush to a powder or to
 

fragments with rather sharp edges, and inability of crushed
 

material to cohere again when pressed together.
 

Soil Color
 

Soil color is a physical characteristic that is most
 

obvious when one performs morphological description. It is
 

useful in soil identification specially when combined with
 

other soil properties. There are distinct ranges of soil color
 

that can be associated with the dominance of a particular soil
 

material or chemical changes that has taken place in the soil.
 

For example, generally, dark-colored soils are relatively
 

higher in organic matter than light-colored soils, although the
 

dark-color may be due to the presence of high amount of
 

compounds of manganese and iron. Red color is generally
 

related to unhydrated iron oxides and usually indicate good
 

drainage and good aeration. Dark gray with yellowish red
 

moctles is typical of the plow layer of paddy fields indicating
 

poor drainage and chemical reduction.
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Soil colors are conveniently noted using a color chart
 

with Munsell notations arranged to provide the hue, value, and
 

the chroma. The hue refers to the dominant wavelength of the
 

light or spectral color. Value refers to the relative
 

lightness of color and is a function of the total amount of
 

light while chroma is the relative purity or strength of the
 

spectral color and increases with decreasing grayness.
 

In the Munsell color chart the symbol for hue refers to
 

the color of the rainbow such as R for red, YR for yellow red,
 

and Y for yellow where each letter designation is preceded by
 

numbers from 0 to 10. As the number increases, the hue becomes
 

more yellow and less red under each letter designation. Value
 

consists of numbers 0 for absolute black to 10 for absolute
 

white whereas chroma consists of 0 for neutral grays and
 

increases to about 20. For instance, a soil sample placed
 

under 5YR and matched at 5/6 is described as yellowish
 

red (5 YR 5/6).
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SUW4ARY 

The ?otential, of Soil Taxonomy as a powerful tool for predicting 

and locating appropriate crop :environments is just starting to be 

recognized. The apparent advantages of using this systems in assessing 

soil fertility and management requirement of cr'pa is that it minimumi.zes 

the conduct of sito-specific trials and facilitates transfer of experience
 

acquired from similar ,.oils of different location once they are classified
 

according to this sytem. As a medium of coranunication among soil 

researchers and soil scientists, Soil Taxonomy offers the rapid sharing
 

of technology and the resulting transfer of this technology to where it
 

is most needed. 

INTRODUCTION..
 

Conventional methods of assessing soil fertility by means of
 

soil tests and a series of site-specific field trials place a heavy
 

demand on time and resources. Fertilizer recommendations for specific
 

crops can be made with confidence only after these trials are repeated
 

over several seasons and locations. Information from these trials then
 

becomes the basis for extrapolating crop performance to other areas. 

There has been no systematic way of transf-j: .ng st fertility and 

management information to new areas except on the basis of local
 

experience gained from the above methods. 
This may explain whny failures 

of agrotechnology transfer have become a comon occurrence when foreign 

experts are hired to make recommendations for other countries consulting 

local experts.
 

-/Presented at the XiV International Forum on Soil Taco'nomy and 
Agrotechnology Transfer, 
alrch 3-20, 198G, Philippines.
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It is now possible to make generalizations about the soil fertility 

and management requirements for a given~crop on the basis of soil 

classifeation using Soil Taxonomy (Soil Survey Staff, 1975). The 

Benchmark Soils Project (in Press) has demonstrated that soil-based 

agrotechnology can be transferred on the basis cf similar soils. 

This hypothesis was tested by the project through a series of soil 

fertility experiments in five countries and 24 experimental sites
 

representing-a network of three soil families. The tests have shown
 

that similar crop performance can be predicted if the soils belonged 

to the same soil family as defined inSoil Ta:onomy. The soil family 

category was used to group similar soils. 

This concept oi transferring agrotechnology on the basis of 

similar soils could revolutionize the making of generalizations about 

the technology requirements of soils. It woild also make the trausfer 

process a rational and scientific effort. This meanb that a newcomer 

to an area can make generalizations and recommendations with very 

high probability of success in matching the crop to the soil 

environment withbut relying so much on local experience. This would 

mear. that site-specific trials can be minimized or totally eliminated 

as long as similar experience has been obtained elsewhere on similar 

soils.
 

Thin paper will illustrate hcW Soil Taxonomy can be used as 

a tool to systematize existing methods of assessing or making 

predictions on the soil fertility and management requirements of
 

certain crops.
 

EXTRACTING SOIL INFORMATION FROM TAKONOMIC NAMES 

Soil Taxonomy as a classification system was devised to meet 

the purposes of soil survey. Soil surveys are conducted to make an 

inventory of soil resources for thr sole purpose of making 

generalization or predictions about the agricultural and engineering 

uses of these resources. Soils thus clacsified are shown on a soils 

map which can be produced in various scales depending on the intended use.
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The power of Soil Taxonomy as a utilitarian method for classfying 

soils lies in its nomenclature system. Names given to soils convey 

meanings that are related to soil properties. These names are 

grouped into six hierarchial categories, the highest category being 

the order, then followed by suborder, great group, subgroup, the soil
 

family and the soil series categories. A syllable or group of letters
 

or words from the name of the higher category is always carried down
 

through the lower categories until the soil family. 
 (The soil series
 

name is not derived from the nomenclature systen and conveys no
 

meaning in relation to soil properties.) In essence, this Q!stOm
 

enables a person to identify or remember which category that a soil
 

name belongs to along with those properties which are associated with
 

that name in a particular category. Information which can be extracted
 

from a soil name increases as one goes down from the higher to the lower 

categories. For example, a greater amount of information is provided 

st the soil family category than at the sutgroup level. This is 

illustrated in the following examples which were the soil families 

ised by the Benchmark Soils Project: 

1. Soil family names: thixotropic, isothermic, Hydric 

Dystrandepts
 

Interpretations:
 

Thixotropy is a property of gels and in soil this 

name usually applies to gel-like amorphous materials. This 

means that a soil in order to b.o thixotropic must have 

abundant amorphous materials. Soils with such property 

are usually deficient in phosphorus and large applications
 

are required to satisfy the phosphorus-fixing capacity of 

these soils. 

Isothermic describes a soil temperature range of
 

15-22 degrees Caltius measured at 50-cm depth. The iso 

syllables indicate that the mcan annual summer temperatu 

does not vary by more than 5 degrees Celcius from the me
 

annual winter temperature.
 

I 
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meaning, water Hydric, therefore, as used in Soil Taxonomy
 

means a condition of water abundance. The soil may be
 

interpreted as being subject to high rainfall throughout 

most of the years. If irrigation were required it would 

only be supplemental. 

flystrandept can be separated into 3 groups ofsyllables. 

y comes from the word dystrophic meahing infertile. 

And is a nama derived trom Ando, which connotes volcanic 

ash soils. The last group of letters, epts is from the 

soil order name, inceptisols. Incepticols are soils that
 

are just begining (from inceptum) to show horizon 

differentiation. Andept is a suborder name. Soils under. 

this category must have a bulk density of ( .85 g/cc. 

These are light soils with very'good physical properties.
 

,Since they are thixotropic' they we difficult to compeCt and 

could dry irreversibly into small aggregated particles.
 

The internal drainage is good and very suitable for miminum 

tillae-type of farming. Being a Dystrandept it is almost 

devoid of most macronutrients. This first example of a 

soil name can be interpreted as a young soil derived from 

volcanic ash with high P-fixing capacity. Crops that can
 

tolerate the cold temperature regime should do very well in
 

these soils such as the leafy brassicas. 

All the above information are condensed in the soil 

name consisting of only four wordsl A second exampla follows 

Soil family names: clayey, kaolinitic, isohyperthermic, 

Typic Paleudults
 

Interpretations: 

This isa-soil with more than 35% clT, kaolinitic 

mif iralogy, and a soil temperature regime greater than 

22 degree Celsius. It is a typical representative of the 
VD 
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great group, Paleudult. It is also an Ultisols (ult from
 

ultimus, meaning last), with a wet (from the Ltin udus, 

humid) moisture regime, and relatively old (Pale is from 

the Greek word paleos, old). Being an old soil implies it 

has < 10% 'weatherable minerals in its subsoil which are 

the primary source of soil nutrients (bases). This also 

means that this soil is relatively infertile because of 

this lack of nutrient source. By definition, Ultisols have
 

reached the ultimate in the weathering process - highly 

leached in bases and as a consequence, have very low
 

base saturation and very high exchangeable aluminum which
 

makes these soils very acid. These are common soils in the 

humid tropics such as those found in Sumatra, Indonesia. 

The application of lime is one of the needed practices to
 

enhance the production of most annual food crops. Under 

conditions of limited fertilizer resources the cropping
 

system that has evolved in thase soils is the planting of 

perennial crops with very decp root systems that can forage 

for nutrients over large soil volumes. Most of the tree 

crops belong to this cropping system alon, with some 

perennial vines and shrubs. 

SOIL FERTILITY AND .ANAG EMNT INDICATORS IN SOIL TAXONOMY 

Soil Taxonomy, as a quantitative system of soil classificat: 

is based on the physical, chemical, and mineralogical properties ol 

soils. Lon3-tern weather data are also used to evaluate the 

temperature and moisture regimes of soil families. The measured 

properties are used to place the Particular soil in a given categoi 

or taxon. The following discussions shall illustrate some of thes( 

indicators.
 

EXTRACTABLE BASES 

Potassium, calcium, and magnesium are the extractable bases 

that are of importance to plant g;rowth. These chemical elements are
 

measured in addition to sodium to determine base saturation, which is 
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percentage of the cation exchange capacity. Base saturation is used
 

to separate and designate certain diagnostic horizons which place
 

certain soils in their various orders. It is also used to separate
 

soils under the same suborder in their great group category. In
 

general, soils with high base saturation ( >50;have high native 

fertility such as the Mollisols and Alfisols. Those with low base
 

saturation (Oxisols, Ultisols, Spodosols) have low native fertility.
 

EXTRACTABLE ALUMINUM
 

As weathering progresses more and more of the extractable 

bases are leached and a higher concentration of soluble aluminum 

results. In tropical soils that are highly leached in bases such as
 

the Oxisols aiid Ultisols, it is the extractable aluminum that pose; 

concern among crop scientists because of its toxic effect on plants and
 

resulting immobilization of phosphorus. Since the p1l of these soils 

is also low, other elements like iron and manganese also become 

abundant sometimes at toxic levels. Toxicity of these elements has 

been found in certain crops but the problems they pose to crop
 

production are not as critical as aluminum. Liming rates are not 

based on conventional pH curves since these acid tropical soils, with 

their high buffering capacity would require tremendous amounts of lime 

to register any significant change in pH. Rather, the percent 

extractable aluminum saturation (> 30%of effective cation exchange 

capacity, BSP, 19[2) is a bette-r Uindax of liming than pH, per se. 

Generally, for most crops a factor of 1.5 to 2 times the extractable
 

aluminum provides the amount of lime that is sufficient to neutralize 

the extractable aluminum and also provides sufficient calcium for crop
 

nutrition, irrespective of the p1l. The Benchmark Soils Project (1978)
 

has confirmed this fact and found that even soils with low pH (5-5.5)
 

do not respond to liming as long as the extractable calcium in the
 

soil is high and the extractable aluminum is low. In Soil Taxonomy, 

KCl-extractable akuminum is an iiportant parameter in identifying certain
 

subgroups in most of the soil orde.rs.
 



Soil fertility and...7
 

HORIZONS OF MINERAL OR CHEICAL CONCENTRATION 

Some soil family name designations or descriptions indicate 

horizons in which certain soil minerals or chemicals are concentrated
 

such as gypsum, carbonates, sulfur, iron, sodium, oxides, etc. 
One,
 

therefore, can easily identify certain sol 
attributes or constralfuts
 

which can be avoided or selected for crop production purposes.
 

OTHER INDICATORS
 

Soil moisture, soil temperature, alneralogy, particle.-size,
 

distribution and physical features such as hardpans or hardened
 

materials are the other important indicators which can be extractec
 

from the soil name.
 

Soil misture conditicim Ahich are dominant in a particular 

soil are generally incorporated in the suborder category. Aridisol, Is 

an exception a soil order of the arid environment. Particle-size
 

distribution, nincralogy, and soil termerature are used as descriptive
 

words or phrases in the soil family namn. 

Dominant physical features such as duripans, plinthite,
 

fragipans, and pyroclastic materials are usually incorporated in the
 

great group categoe., e.g., Durixeralfa, Plinthaquepts, Fragihumods,
 

Vitrandepts,' etc. 
 They are sometimes found as descriptive words in
 

the subgroup name, Durice.g. Eutrandepts or Plintic Tropaquepts. 

Some technical background id knowledge about soils and crops
 

are required to extract information from taxonomic names. 
 This is
 

especially true with implicit information. A person, however, need
 

not be a 
specialist in Soil Taxonomy to make these interpretations.
 

Soil fertility and management specialists should be able to use the
 

.'system as a tool-for planning crop production strategies which can
j 

later be communicated to planners and policy makers.
 

A suggested method for learning to interpret soil -taxonou'c 

-names i-to- start at'the order level and associate these names with 
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their dominant features or marks in the environment in which
 

they were classified (See Table 1). Next, learn the nomenclature
 

system and start adding formative elements to the order name which
 

can be associated to soil properties (See Table 2). And then proceed
 

down to the lower categories until the family category where the
 

description be..omes more explicit. The task is not to classify soils
 

(that's the job of the soil taxonomist) but to be able to make
 

interpretations from taxonomic names.
 

The system is easy to learn if the desired interpretations are
 

issociated with specific uses. This is reinforced by knowing the
 

:rop requirements for certain crops and matching these requirements
 

rith the soil environment which can be extracted from the soil name.
 

For example, for optimum growth of many tropical leguminous trees,
 

the following are required: a warm environment, soils with adequate
 

calcium for proper nutrition, and nonlimiting water supply throughout 

most of their entire growth. Using Soil Taxonomy, one can pick out soils 

having an isohyperthermic temperature regime (> 22 degrees Celsius), 

a udic or 	humid moisture environment and a high base saturation. There
 

are two soils in the soil order category that have high base saturation,
 

the Mollisols and Ulfisols. In the Hollisols, the Udolls have a udic
 

moisture regime; in the Alfisols, the Udalfs should provide the same
 

moisture conditions. Soil families with isophyperthermic temperature
 

regime should complete the necessary requirements of these trees.
 

Table 1. 	Categories in Soil Taxonomy and their dominant features
 
(Cagauan, Tsuji, and Ikawa, 1952)
 

SOIL CATIGOaY NUMBER OF :
VTAXA 

DOMINANT FEATURES 

Order 10 Presence or absence of different kinds of soil 
horizons, whidi are related to sc 11-forming 
processes. 

Suborder 45 Presence or absence of properties, such as thosi 
associated with moisture, parent material, or 
vegetation. 

Great group 187 Similarity of horizons, base status, soil 
climatic parameters,:andpresence or absence 
of different kinds of soil layers or pans 
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Table 1 (Continuation)
 
SOIL CATeORY M ROC. 


At. TAI, . DOMINAN FEASTURES
 

Subgroup. 90. Differentiation according to a central'concept or
 
- gradation to other ,great groups, suborders, and
 

orders.
 

Family . 5,603 Information on the particle size (textural),class,
 
mineralogy, soil temperature class, and other
 
properties such as soil depth and'consistency.
 

Series t2,002 Information on the kind and arrangement of horizons 
(U.-S.only) with morphological, chemical, and mineralogical 

properties. 

Table 2. Examples of taxonomic nomenclature that are related to soil fertility
 
-and management
 

FORMATICE SOIL SOIL INTERPI'TATION OR IEAINGELEHNT DERIVATION4 SOIL NAME i
 

CATEGORY OF SOIL MUE 
Aqu Aquic, wet Aqualf Suborder Wet Alfisol
 
Dystr Dystrophic Dystrndept Suborder*.Low base saturation inceptisol 

fertile deried from volcanic ash
 
Ert Latin verto, Vertisol Order Soils that shrink on drying and
 

to turn swell on wetting
 

Eutr Eutrophic, Eutrustox Great Dry ,oxisolwith high base
 
fertile Group saturation
 

Hum Humus HIumult Suborder Humus-rich Ultisols
 
Pale Greek paleos, Palehumult Great Highly-leached humus-.rich Ultisols
 

old group
 

Psamai Greek psam. Psamment Suborder Sandy Entisols
 
mos, sand
 

Ud atin udus, Udult Suborder Humid Ultisols
 
humid
 

Results from the Benchmark Soils Project experiments on five
 

speciea of these trees confirm these requirements. Growth measurements 

one year after planting showed that all five species planted in the Ultic
 

Tropudalf (Davao, Philippines) registered the best growth when compared
 

to the same tree species grown in three other soil families. These
 

measurements are summarized in Table 3.
 

It is quite apparent that the Typic Tropudalf meets all the
 

above crop requirements. The Tropeptic Eustrustox site (Waipio, Hawaii), 

although it has a high base saturation and warm teperature regime, lacked
 

the necessary humid condition for favorable tree growth. The Hydric
 

Dystrandept r'Ate (Niulii, Hawaii) has a cool temperature regime which
 

limited tree growth although calcium and base saturation appeared
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Table 3. 	Growth Performance of Five Tropical Leguminous Trees (Benchmark Soils
 
Project, In Press)
 

Sn.' TEll- M1OIS-	 AVEZE TREE HIMT AT ONE Y MTERSSURFACE FERTILITY 	 iER,
FAIL PEvT TURE , Ca B, LEUCAENA [IEUCAENA ; SESBANIACALLIAND ACACIA
REGIME
REG, 	 'iE Im.e./100g8 LEUCOCEPI DIVERSI-; GRANDI- CALOTH- AURICULI-


I I HALA' FOLIA FLORA VRSUS FORMIS 

A > 22-C Udic 9.34 	 7.3
82 7.9 6.0 4.u 4.8
 
B > 220C Ude.- 2.28 , 
24 2.9 3.1 2.0 2.3 2.5
 
C 15-220C Udic 15 7.93 2.0 
 3.1 	 1.5 2.3 1.0
 

' 
D > 229C Ustdc 6.52, 66 	 4.9
4.5 	 3.1 2.1 2.1
 

'A - very fine, halloysitic, isohyperthermic, Ultic Tropudalfs (Davao, Philippines) 
B - clayey, kaolinitic, isohyperthermic, Typic Paleudults (Nakau, Indonesia)
 

C - thxotropic, iso/hermic, Hlydric Dystrandepte (Nliulii, Hawaii)
 
C - clayey, kaolinitic, isohyperthermic, Tropeptic Eutrustox (1ainio. Hawaii)
 

adequate. The Typic Paleudult site (Nakau. Indonesia) has the lowest
 

calcium content which might have limited tree growth also, although the 

other crop requirements have been sufficiently met. The above example
 

illustrates the importance of mat ching crop requirements to the
 

environment.
 

SO rL-BASED AGROTECHNOLOGY TRANSFER 

The ability to interpret soil names for specific uses leads O3 to
 

most significant contribution of Soil Taxonomy the transfer of knowledge
 

or experience on the basis of soil classification. The Benchmark Soils
 

Project (1970, 1979, 1982), a research project of the United States
 

Agency for Intcrnational Development, implemented by the Universities
 

of Hawaii 	and Puerto Rico, was the firs" research endeavor which tested
 

the value 	of soil classification as a m 
:ans to transfer soil-based
 

agrotechnology. A corplete description of this project was presentedj
 

earlier in this workshop (Cagauan, 1984a, 1984b). The findings from
 

this project will have far-reaching effect on the use of Soil Taxonomy 

as a tool 	to make predicticns about crop performance and the associated
 

requirements to achieve that performance.
 

As stated earlier in the above examples, the soil family names
 

contain most of the information required to determine the suitability
 

of a given locatia for crop production. It is, therefore, desirable
 

that soils be classified to the soil family category. This does not :
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mean, however, that an assessment of crop"perfurmance cannot be made 

without claesifying soils in their family category. 
Higher categories 

contain information which can also be used for such purpose althougE|, 

as stated earlier, other ,information are lacking such as particle-size
 

elstribution, mineralogy, aid temperature regim.
 

-When scientists or researchers of different nations talk about 

transfer of agrotechnology, Soil Taxonomy can provide the common 

medium of coumunication in which to identify crop performance under 

a given set of environments. Having a common.medium of-communication 

can accelerate the transfer of agrotechnology by the rapid sharing of 

kaowledge and experieuce about soils. 

Soil Taxonomy can also provide the basis for solving common 

soils problems Mt-rough the establishment of benchmark sites that are 

classified according to this system. A network of these benchmark
 

sites should allow the grouping of areas with similar soils. crops,
 

and problems. Researchers working in concert through such a network
 

should be ablo to find.solutions to agronomic problems much more
 

thoroughly and effciently than working in isolation from one another.
 

Evntually, crop simulation models may bd developed to deal with
 

specific soil constraints which can predict crop performance under
 

any conditions without resorting to site-specific field experimentation. 

This is one of the goals of another AID project called the International
 

Benchmark Sites Network for Agrotechnol6gy Transfer (IBSNAT).
 

I 
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AGRONOMY OF COCOMq~yS!I/
 

SEVERINO S. IIAGAT
Ianager, Agicvltural Research Managoment Department
Philippine Coconut Authority
Diliman. Quezon City 

1. I2TRODUCTION 

The coconut is grown for a variety of uses but it is its 
fruit or nut which ha3 the highest economic value. The lauric 

(C1 2 ) acid-rich, oil extracted.s frow the dried weat (copra). 

In the Amorican, European and Japanese rirkets, coconut oil, 

like pal. oil. pail) kernel oil and soya oil, serves as rawa .ater 

for the uanufLcture of margarine and other food fats (Das, 19C5). 

The coconut and its oil ll continue to be important to economies 

of the producing countries like the Philippines, Indonesia, India 

and Sri Lanka. 'Mhe development of high y±clding coconut hybrids 

has considerably increased tnie yields and reiability of coconut
 

palms, and certainly this crop holds great promise both as a food 

crop a=1 powerful energy supplier in the tropics. At a raw rwaterial 

for the manufacture of soaps and deturgents, cc :onut would continue 

to be an important sourL,. 

The Philippines is the world's largest producer and exporter 

of coconuts. 
 Coconut is grown iL 58 out of the 74 provinces of the
 

country and is a major crop in 35 of these. Horeover, 1/3 of the 

total population (54 mtdlions) depand directly or indirectly fron th
 

coconut industry for their livelfiuool 

Generally, the coconut producing countries are located in the
 

zone between 20*14 and 20*S latitudes, and areas with a uniform 

rainfall distribution and lot 
typhoon frequency or occurrence (0-I0%;
 

producing high yialds. Sp,.cificnlly, the yield of the coconut crop 

the resultant of the interaction of several factors: variety, soil, 

climate, pF.St jo.ad jiocno Uine -'kuinvnf* !'-flcfies. 

-- /Paper prasented at the XIV International Forum on soll u-,-.onoti' andAgrotechtiology Transfer for the ASEAN region, Mlarch 3-20, 1986, held
in the Ph.lippines. 
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This paper deals mainly on the crop and soil management of
 

the coconut. 
 In addition, fertilizer application is discussad to
 

a great extent as fertilizer has been recognized to be a single
 

important agricultural input that could bring ivmediate increase
 

Li vield. 

2. CROP ESTABLISMi-ENT 

Before starting a coconut farm/plantation, special attention
 

should be taken to seu that the climatic and soil conditions In the
 

area .are suitable for growing the crop. 
 Suitable areas are those
 

with: adequate rainfall (soil moisture throughout the 

year; elevation not higher than 600 m (above sea level), well

drained externally and internally, deep soil (< 95 cm); adequate
 

levels a nutrients. 

2.1 Land.Preparation 

Techniques of preparing the laud depends much on the 

topography of the land and its natural vegetation. On slopes
 

dr In places where erosion is great, it ib advisable to sow a
 

covercrop at the time of planting or even beforehand if possible.
 

Construction of terraces following 
the contour lines is a very
 

tedious task but will prove valuable in the long run. 

Lare soil that has been under other crops needs no special 

preparation in advance of coconut fiald-planting. For savannah 

or Ecrest areas, the work is done rannurally by chopping do-n trees 

and bushes and hoeing the gra,ses. However, mechanization is a 

necessity :hen rhizomatous grasses like cogon (Imprata
 

cylindrica) covers 
the ground entirely. Removal of grasses
 

must be .'urjued to the end or it will rapidly re-gros? particularly 

in areas with good rainfall distribution.
 

In a moderately thick vegetation, tillin 3 and pilingtba woods 

into heaps go on sliultaneously. After a fe,.. weeks of drying out, 

woods are burned. TIien i!echanical preparation is employed, care 

should be taken not to invert or bury the humus-bearing top sloil, 



Agronomy of coconuts ....3
 

as this would seriously di'trurb the biological equilibrium. 

2.2 Dbnsity and _yatemof Planting 

Many old coconut farms in the Philippines belong to 

small family properties, in'which owner 'often plant at randon 

without nuch regard to regular spacing. It is very coLmon to 

see lnx.xd plantings of coconut and oth,-,r crops. The tendanc5 

towards over planting is due to the fact that valuation of lands 

especially in Southern Luzon, is bnved on the number of trees 

planted in a given area rather than on yield per unit area. 

in duciding the proper spacing, some important factors 

have to be considered. One is that adequate room should be
 

prbvi&:!z for proper development of the roots. It is reasonable
 

to ao-.r->1er that depending upon the soil, climatic conditions, 

ard v::t there exists a definite number or plants par hectare 

wh. will give tuximun yields. If the stand falls short of 

the optbjnum, production is d1minished because fulladvantages 

was 'not taken of the available area. On the other hand, if the 

stand is excessive, the yield will: also be diminished owing to ovel 

crcwdingS, and consequent intense competition between palms for 

plant food, moisture and sunlight. 'Under this condition, the 

tendency of the palm is to grow, tall and lanky in their struggle 

for sunlight resulting in considerable loss of energy in
 

producing long trunks at the expense of yield.
 

Four systems of planting. square, triangular, rectangular
 

and quincunx are followed, but the first two are the must comnon. 

In the }jt'aresystem, the palms are set at fixed equal distances 

-it: r1]!c of square, the distance betteen palms in eachcorners each 

row and the distance between adjacent rows being the same. In the 

triangular system, palns are set at fixed distance at the corners 

of an equilateral triangular. In this sytem, about 15% more palms 

-,, acc'jnModlated per unit area. In the quincunx systemi, seedli , -

S'.... .- t ,: r:tr<. of old palms. iis method 
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isused only for replanting old coconut plantatious wtere the'
 

trees will be removed as soon as 
the new seedlings are
 

established. 
 In the rectangular system, rows cut at right
 

angles to one another but the distance between the palms in the
 

row is greater than that between the rows. 
This gives a
 

slightly higher stand than square planting and allows more room
 

for growing intercrops. 
As a guide, the number of plants/ 

hectare of the common planting systems is shown in table 1. 

2.3 Holing and Planting
 

After laying out the ciarklng pugs in the site, the next
 

operation is digging of holes. 
The size of the seedling hole
 

depends upon several factors such as 
the niture of the land,
 

the type of soil, depth of water table, etc. Generally, the
 

harder or heavier the soil, the larger should be the hole. For
 

light soils, 0.5 iax 0.5 m x 0.5 m are recoimended. )r hard
 

reddish clayey soil, 0.75 cu. 
m. is necessary so that the
 

hardened portion of this soil would be broken. 
In sandy soil, 

shallow holes of one third to o.! half meter in depth are
 

suggested. 
 Surface planting is not advisable in places where
 

drought prevails. It restricts the formation of the bole
 

region and favors the formation of a shallow root system.
 

The holes are usually dug in advance of field-planting
 

of coconut seedlings to allow the soil to weather. 
The surface
 

soil is separated and the subsoil is utilized in making small
 

bund all around to prevent rain WaLerfrom flowing into the pit 

(Clantinghole).
 

The season of transplanting seedlings will vary from 

place to pIace depending upon the situation of the land and climnt
 

conditions. Generally, in nost areas, thc. best time for trans

planting is at the beginning of the rainy 
seascn or after its 

heaviest nonsoon. Properly salected veedlings of either local
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Table . -Square and Triangular, systems and, xtheir planting densities 

it T 11 0 

.Square: 8mx 8.m 

8.5 mx 8.5 m 

9 mx 9 m .. 

10 n x 10 m 

Triangular;
 

8 U x 8 m 

8.5 mx 5m 


19m x 9m. 

10 Cx 10 n 

D POPUlaTiON DENSITY (Palos/Unit arta) 
1 ha, 2.ha :,3 ha v 4 ha T5 ha 

156 312 .468 625 781 

139 277 

:134 .247 370 494 617 

1.... .. 415 553 692 

.100. 200 300 400 500
 

160 361 '542. 727 903 

".16 319 479 639 799 

143 284 427 570 712 

. 115. 230 346 462 577 
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tal-Is or hybrids raised under.ordinary;1 nursery or in black 

polybs'g nursery are ready for field-planting when seedlings
 

'reached 7-9 months of' nursery period. 

2.4 Care of Young Palms
 

The most critical time for the palp is during the early 

stages of its life, that is, from the tine of planting to the 

third year. It is only by givingcareful attention during this 

period that the palrs could be expected to develop normally and 

produce high yields. This aspect can be demonstrated where newly 

planted seedlings are grazed by cattle, choked up by weeds and
 

attacked by coconut pests and/or diseases. 

.4.1 Fencing (presence of livestock) - The newly planted 

seedlings should be protected from the disturbance of 

cattle, until they grow big enough to be beyond their 

..reach. An indirect damage done by cattlc is trampling 

which hardens add exposes the ground around the young 

palms. If the seedlings are concentrated in cne. place, 

it is cheaper to fence the entire block or if this is 

not economically feasible, protection must be given to
 

the individual seedlings. 

2.4.2 Watering - In the absence of rain, the newly transplante 

seedlings should be watered as needed until they produce
 

enough roots and get established. It is also necessary
 

to continue wate-zing the seedlings during the dry months
 

for the first two or three years after transplanting. 

Shading - In some regions, when the sun is very hot 
I 

during sumner months, the seedlings should be adequatel 

provided with shade for the first 2 years. Shading 

reduces casualties among the newly transplanted seedling
 

the frequency of tratering, ane checks the "grey blight" 

disease of coco'aut seedlings. 

2.4.3 
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2.4.4 	Cultivation and after care - The seedlingsuve to be kept
 

free of weeds periodically. During heavy rains,
 

precautions should be,.taken not to allow the water to
 

stagnate in the hole for long periods.
 

...----. . .--- --- --- - --..... ..... J F. . . 

seedlings should be cleaned and the surface soillept
 

friable for faster root development. One sure way of
 

keaping down weeds is to establish a leguminous covercrop
 

which can.smoother the weeds and at the same time increase
 

the fertility of.the soil. Wheh -overcrops are established,
 

ring-weeding around the young pales should be widened.
 

This will prevent the clit;aing up of the covercrop to the
 

palms.
 

2.4.5 	Fertilization - Proper fertilization from the nursery 

and/or field planting is necessary to give good start 

of the seedlings, unless the soil is virgin and with 

good inherent fertility.. As experienced in many countrie3, 

proper fertilization of seedlings promotes early bearing and 

higl. yields. The major nutrient needs of the seedlings 

are potassium, nitrogen and chlorido. Based on several 

studies condu ced in different agro-climatic conditions 

in the country, an average fertilizer recommendation for 

coastal and inland coconut area was developed. This is 

shown in table 2 as a guide. 

.2.4.6 	Protection from pests and diseases - The young coconut 

palms are susceptible to attack from various pests and 

diseases. Frequent inspection and monitoring of every 

plant should therefore be done and control measures taken 

proptly. Rhinoceros beetle, spike moth and caterpillar
 

are some of thE important pests oL coconuts.
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Table 2. Average fertilizer recomnendations (rate/palm) from field
planting to bearing'stage for )coastdl and inland areas (more

than 2 kn from the coastline) (Hagat at al., 1981).
 

COASTAL ARE.S ; INLAND AREAS 
AGE Or PAL1,; ,ASULFATEAIMONIU1l1 + POTASSIUH; A1NONIUI + POTASSIUMCHLORIDE SULFATE CHLORIDE 

(21-0-0) (0-0-60) (21-0-0) (0-0-60) 
Field Planting P) 150 g + luo g 150 g + 200 g 
6months after F. 200 g - 150 g 2 00 g + 250 g 
1 year 500 g/yr + 500 g/yr 500g/yr + 500 g/yr


'2 years .* .750.g/yr + .750 g/yr 750g/yr + 900 g/yr 

3 years 1.0 kg/yr - 1.0 kg/yr 1.Okg/yr+ 1.6 kg/yr 
4 years 1.50kg/yr + 1.25kg/yr 1.Skg/yr- 1.7 kg/yr
 
5 years or older 2.00kg/yr + 1.50kg/yr 2.0kg/yr+ 2.0 kg/yr 

- pre-bearing ctgae (1-4 years): 
 split application, first half at
 

start of rainy seacon and the rest six months after or before end of 

rainy season. Proadcast and fork-in (Soil-incorporation within 10-15 cri 

top soil) application 

- bearing Bte'gci One application for areas with even rainfall 

distribution (1,5  3.0 dry months); slpit application for areas
 

with distinct wat and dry season. Broadcast and fork-in (soil
 

incorporation) application.
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Loaf 	spot, shoot rot and bud rot diseases are
 

*. o observed to infect the young plants. Prompt easures 

taken in the initial stages alone will help to save the 

seedlirs-, hence, earIv.detection is verv important. 

2.47 	Replacement of missing ills - Provided all precautionary 

measures are taken, there should be no casualties (except due 

to lightning) of the transplanted seedlings. If hewever they 

do occuv,: they should bo irediately replaced i-ith'., alected 

and vigorous sedling Irefarably of same age. :dlinge 

showing continued unhealthy and stunted growth should also 

be replaced. For this purpose, some surplus seedlings
 

should 	be kept in reserve.
 

3. 	 FARM HAINTWCE 

Although coconut is essentially a cash crop inmost coconut

producing countries, it is also a food crop as wall. The main
 

consideration in farm management should therefore be to maximize the net
 

income from it and this can only be achieved by increasing production, 

reducing costs, creating additional sources of income (intercropping) 

and proper disposal of major and minor products. 

With the availability of superior planting materials (i.e.
 

selected talls, hybrids) low productivity of many coconut farms is 

likely due to improper soil management. Application of proper soil 

management practices will help maintain high production levels. 

These practices that deserve serious attention in relation to coconut 

farming are: tillage, mulching, erosion control, covercropping, 

fertilization, green manuring, organic matter improvement, and soil
 

amendments. 

3.1 	 Tillage - In coconut fars, intorcultivation or cultivating the 

interspaces is the main tillage operation and consists of plowing,
 

harrowing and digging, Tillage has eevqral objectives as follows:
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(1)-	 To make the soil receptive to the first rain after a
 

rainless period and to make it retain moisture,
 

(2) 	To produce favorable soil structure for the development
 

of roots, thereby increasing the available feeding area
 

for the pain;
 

•(3) To improve,the aeration of the soil resulting in increased
 

bacterial and chemical activity which ii turn increases the 

available plant food in the soil: 

(4) To kill weeds, thus conserving both plant--food and rmter
 

for 	the pnlm!. 

•(5) 	 To incorporate organic matter into the soil.
 

Felizardo (1972) showed that plowing, fertilization and
 

covercropping practic2d singly or in combination with each
 

other increased nut yield in 45--year old coconut trees.
 

A distinction should be kept in m'ind between working 

the soil properly and the mere control of unwanted vegetation. 

Experienced gained in many countri-s has shown that working the 

soil has a beneficial effect on yield provided it is neither 

too frequent. The nutrient absorbing part of the root system
 

is in fact very near the surface. If the soil is disturbed too
 

deeply many roots will be cut or wounded, and yields nay decline 

abruptly; • But a-.shhllcx cultivation going down no deeper than 20 cm 

has 	a useful pruning action by cutting roots-and actinp,as a stimulus
 

to the root.system to explore the deeper layers of the soil.
 

le best time to work the soil is near the end of the 

dry season. The coming of rains a few weeks later will favor 

the rapid development of young roots. 

3.2 	Fertilization - There in no contradiction to the fact that 

coconut palms do respond to proper fertilization particularly 

in coconut soils where there is an observed deficiency of major 

plant nutrients. Even if the soil is initially fertile, continuous / 



Agronomy of coconuts...11
 

removal 'of plant nutrients from the soil in large amounts is 

likely to'create nutrient deficiencies sometima later, unless 

proper fertilization is done to replenish the nutrients 

ab'sorbed by the palm, To avoid such problem it is highly 

suggested to follow a proper fertilization program as in 

TAble 2. There are several approaches or-methods that can be 

used to determine the fertilizer needs of the coconut. These 

are: (a) Soil analysis, (b) crop deficiency symptoms; (c) leaf 

analysis and (d) field fertlixer experiment or trial. The 

conduct of a fertilizer experimemt is the most precise method, 

though expensive and time consuming., Horeover, results 

obtained may Just be highly applicable to the area the 

experiment was conducted (site-specific). 

Soil analvsis - refers to the chemical and physical 

measurements of the soil, diagnosis and recommcnd-tion. It 

has been practiced with some degree of success but generally 

workers are not satisfied with the reliability or usefulness 

of thismthod. 

C'o deficiency symptom(s) -. are exhibited by the 

coconut vhen it is unable to absorb sufficient nutrients to
 

satisfy crop's requirements (Tables 3a and 3bj Symptoms 

of a nutritional disorder are confined to the leaves, and 

may occur in any part of the palm. 'oil and loaf analysis
 

are used to confirm nutritional deficiencies.
 

Leaf anajlss (foliar diagnosis) - relates the
 

concentration (%) of nutrients found in the coconut leaves
 

which relate to crop growth or yield, The fertilizer and
 

nutrition survey studies in the Philippines have shown that
 

leaf analysis is an effective tool in diagnosing the
 

fertilizer needs of coconuts, especially, the local talls,
 

using the critical levels (leaf no. 14): 1.80% N, 0.12% P,
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0.*80%'K, 0.30% Ca, 0.20% Mg, 0.50%.Cl and 0..15% S (Magat, 1978) 

and lflgat et al., b81). For hybrids, those critical levels may 

be used as a guide. In foliar diagnosis, a composite leaf 

sample from palins (10-20) under similar conditions is collected. 

For a particular stage or age of coconuts, leaf sampling is done 

on the selected leaf rank (no.) of palms. The selection dapends 

on the number of living fronds or functional leaves at the 

sampling time. As a guide, Magat and Pridente presented a 

system for selecting the proper leaf rank for sampling (Table 4). 

If a more precise nutritional diagnosis and furtilizer recommend

ation is desired, coconut farms must be sampled separately and 

analyzed for leaf nutrient concentrations. In this way, the 

qualitative nutritional needs could be determined, and the kind 

and rate of fertilizer(s) is forirulated based on the experience 

and knowledge of the agronomist/soil technologist/plant 

nutritionist using the foliar diagnotic technique. 

3.3 	 Intercropping - In coconut farms where palms are planted at 

8 m or wider, the interspaces may be used to grow other crops 

as a source of additional incomie. In the early stages of the 

plantation when pulms are still young and the ground unshaded, 

there is no harm in raising intercrops provided care is taken. 

Intercrops should be fertilized and should not be grown very 

close to the base of the palm. It is best to allow 1.5 --2.0 

meters around the base of the palm uncropped and kept free 

from weeds. 

Tlie crop:; commonly cultivated in young plantations arc:
 

pineapple, root crops, grain crops, loguminous crops, vegetable
 

crops, fiber- crops, fruit trees and beverage crops.
 

Studies carried out by coconut workers have shown that
 

intercrops can be grown without affecting negatively the yield
 

of coconuts. In fact, fertiliziug and irrigating the intercrops
 

substantially benefits the main crop coconut. The result however
 

http:0.50%.Cl
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Table 3a. Av4arage major nutrient requireuinta of coconuts.
 

MAJOR NUTRIT (kh)OR NUTRILT 
K 	 C
AGESTAG_ O T ( l 


22 1.2 2.5 2.2
12 25
Nursery 


30 50 44 3.0 5.0
•Field-planting, (P) 4.4 

75 66 4.0 7.5 6.640 


220 '10.0 25.0 22.0
 
6 no after FP. 


I year 	 100 250 


37.5 	 33.0
3.30 i5.0
2 years 	 150 375 


20.0 	 50.0 44.0

3 years 	 200 500 440 


300 625 550 30.0 62.5 55.0

4 years 


40.0 	 75.0 66.0

5 years or over 	 400 750 660 


#computed 	at 100 palms/ha
 

Table 3b... Annual nutrient removal of hybrid coconut (ouvrier and Ochs, 1978) 

(port B3ouet 121 or NAUA, 6.7 t copra/ha at 138 palms/ha) 

IDRY VC. 	 H lENT ( ag/.aL 
CO()PONE N T 	 :ga -I

492 3 14 11 0.42 1 2 2 3
Spikelet 


349 1 7 6 0.14 0.06 0.29 1 2

Stalk 


5 4 12

lusk 7,843 19 116 92 1.0 1 


0 4 0.12 0.46 1 0.35 2

Shell 3,849 5 

6 3 2 
Hint 6,375 80 47 12 13 1 


T 0 T.A L 18,908 103 193 125 15 9 9 15 20
 

Annual Nutrient
 
235 15 .104 - 55


application 41 235 


(1970-75
 

Table 4. 	Coconut leaf rank recommended for sampling based on plant stage 

(l agat and Prudente, 1976) 

IAN TOTAL 
LEAF RAK 	TO BE SAUPLED
 

LIVING LZAVES# 

I
4 - 6 (nursery) 

3 or 4
7-12 (nursery or field) 

9
13 -16 (field) 


19 or more (usually bearing) 14
 

#determined by testing 5-iG palms, randoumly selected in an area.
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could be adverse if crops which are heavy consumers of
 

potassium are planted without adequate fertilization.
 

The practice of growing perennial trees is common 

in the Philippines, especially in Southern Luzon, Eastern 

and Western Visayas and Hindanao. Coffee, cocoa, mango, 

lanzones and other fruit crops are being inter planted with 

coconut. 

Intercropping of perennials in plantation where 

coconut trees are closely planted (7 meters or less) is 

less desired as such cropping will result to intense 

cempetition and adversely affect the growth and yield of 

soth coconut vnd intercrops. Furthermore, under this 

situation it is difficult to give proper attention to the 

different knds of trees according to E','ir special and 

individual requirements. If, hoiever. it is the intention 

to diversify the sources of income, two ways are open. One 

is to plant the trees in alternate rows giving sufficiently 

wide spacing to reduce mutual interference of one over the 

other and the second is to allocate different sites or blocks 

of the available area among the different crops. 

3.4 Covercropping - Covercropping, the agricultural practice
 

of establishing leguminous plant like tropical kudzu (Pueraria) 

to cover the soil, is accepted in the Philippines and elsewhete 

to have multiple benefits. This practice is extensively being 

done a few months before field-planting of the coconut seedlingt
 

as well as in areas with bearing palms.. Progressive farmers
 

in the country consider this practice important in their 

cultural xanagement. The growTing of leguminous covercrops 

cannot however be recor.i'nded under all soil-.climatic set--ups. 

Among the factors to consider very importantly in selecting 

covercrops to establish in a particular coconut area as 
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£ollowst- (I) adaptability to local climatic and soil
 

conditions; (2)case to establish; (3)dry matter yield
 

production, and (4)adaptability to local managcw nt
 

oractices.
 

Several benefits could be derived from this practice
 

of leguminous covercropping, theue are as follows;
 

(a)helps eradicate/control unwanted weeds like cogon 

(Imperata cyjindrica) ad aguingay (Roettboellia exaltata), 

thus lowers the farm maintenance cost; (b)-builds up plant 

food, especially nitrogen in the soil for the coconut crop 

via the nitrogen-fixing microorganisms associated with the 

legume covercrops, (c) conserves soil fertility by mininizing 

soil erosion, especially on sloping and hilly areas; 

(d) improves air and water circulation in the soil, keeping 

the soil porous desirable for normal growth and development 

of the palms, (e) encourages early-.fruiting because of minimal
 

competition for nutrients; and (f) fuel saver as instead of
 

using an oil-driven tractor to maintain the farm/plantation 

in good upkeep by periodic cutting of weeds, an animal-drawn 

covercrop roller could efficiently regulate the growth of the 

leguminous covercrop by occasional rolling (say every two 

months). 

In the Philippines, particularly in Davao, three kinds
 

of covercrops are being recommended and widelyused as 

follows: 

I. Xudzu (Pueraria phasooloides) - A twining perennial,
 

with hairy stems and leaves. 7t-i.%.s are broad, 

trifoliate and irregularly 3-.lobed. The plant is 

good pioneer legume, which is adapted to many soil 

types (sandy to clayey) and is cornonly utilized 

as a covercrop under coconuts rather than as a pasture 

legume. 
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2. Centrosema (Centrosewc pubescens) - A trailing and 

clinbing perennial, weakly rooting at the nodes and 

with bright purple flowars. It is adaptable to a 

wide range of soil typcs and will grow on acid Boils 

and moderately tolerant of water-logged conditions.
 

Growth is slow during the seedling stage, but becomes 

aggressive once 
the plant gets established.
 

3. Calopogonium (Calopogoniun mucunoi.es) - A quick

growing creeping plant, which thrives on a wide 

range of soils and forms a cover in six to eight
 

months, if sown under suitable weather conditions. 

Seeds are small, somewhat flat and yellowish brown. 

It is a moisture-loving plant and dies back during 

drought but regenerates after the rains.
 

As an important reminder, if the soil moisture is not
 

adequate, covercropping may not be advisable as covercrops
 

tend to compete with the coconut for inofsture. Likely, weed
 

is not a problem in dry areas and vigorous growth of weeds
 

is encountered in areas with abundant rainfall and sunshine 

year round. Generally, in well-drained area witb adequate 

water or soil moisture such as h places with high and evenly-. 

distributed rainfall, covercropping is practical and beneficial.
 

3.5 Hnrvestin - From the complete reproductive fertilization of 

a female flower, coconut buttons take about twelve months 

flower, coconut buttons take about twelve months to develop 

into a mature nut. As n nor:ual bearing palm produces an 

inflorescence in every leaf axial at intervals of about a
 

month, a matured branch would be ready for harvest every month.
 

However, harvesting is not ordinarily done wery month except in 

high yielding farms or plantations, it being a costly operation, 

particularly when copra price is low. 
The harvest interval
 

(frequency) practiced may vary from 30 to 60 days.
 

http:mucunoi.es
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A study. on harvesting frequency conducted at the 

PHILORIN (now PCA-.Davao Research Center) at Bago-Oshiro, 

Davao City found that the 30 days interval gave the highest 

pro.duction cost, the 90 days interval the lowest productivity 

and the 45 days cycle gave the highest economic returns. 

rrom the result of the study, harvesting coconuts at 45-50 

days interval gave the highest profit and is highly 

,recommended. 

The effect of harvesting nuts before they are fully
 

mature 	on the quantity and quality of copra has been known. 

Copra 	 and oil content per nut are at Ln-cium in the fully 

tature (twelve-month old) nuts. By harvestingiynature nut,
 

copra i lost to the extent of 8% in 11-month old nuts, 16% 

in 10-month old nuts and 33% in 9-r:ionth old nuts. The 

loss in terms of oil quantity is directly proportional to 

that of copra loss. When nuts Ina coconut bunch turns 

greenish brown or yellowish brown, the bunch is ready for 

hatrvest. 

If the 	harvested nuts are placed in heaps for 

12-15 days under the open-sun (seasoning) prior to extraction
 

of coconut meat and drying, a further increase in copra
 

weight (about 8%) is generally observed. The seasoning of
 

nuts 	is highly recommended for those that do not exhibit 

the 12--month ripeness (dark brcuw). 

4. OTHER AGRONOMIC PRACTICES 

4.1 	 Drainage - The coconut palm cannot tolerate water logging 

stagnation) for a long period and consequently becomes poor 

nd stunted in growth, producing only very low yields. Thus,
 

n waterlogged areas coconuts diould never be grown. However,
 

hen the nrea can be drained, coconut can be rmade to bear
 

Drainagc channels should be dug to take away
atisfactorily. 
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nthe 	surplus watar.:- These drains should at beall6'ud to get 

clogged up with weeds, rubtish or soil.
 

4.2 	Lrosion Control - Soil erosion is a serious problem in farms
 

situated on hilly areas, particularly the oncs subjected to
 

heavy rains and flash floods. The loss o, the top soil exposes
 

roots and eventually creates nutrient deficiencies, thus coconu
 

lobk diseased and become'unproductive. A number of methods hay
 

been suggestcd to minimize erosion such as 
terracing, contour
 

planting, covercropping, etc. to suit different situations.
 

4.3 	Green ianuring -
Green -manuring is thu practice of introducing
 

leguminous crops, plowed d6wn and incorporated with the soil at
 

green stage of the crop. Some boittfits from green tmnuring are:
 

a. 	maintains the humus content of tha soil;
 

b. 	stimulates biological activity in the soil;
 

c. 	exerts a conserving influence on soil nutrients and brings
 

them 	 upwards from the subsoil and deposits tlhc within the 

root 	zcne*
 

d. 	increases the availability of the inorganic constituents
 

of the soil.
 

To get the maximum benefit out of green manuring, time 

of cutting and incorporation are important. Crop grown in situ 

is best incorporated at flower ing time. If it is allowed to
 

reach maturity (woody) then its green manuring value diminishes.
 

The green manure crops should be incorporated when there is
 

sufficient moisture in the soil.
 

4.4 	Soil Conditioners - Application of lime to coconuts is practiced
 

in coconut growiing countrica. Lime is applied to correct soil
 

acidity (to reach p1l6-6.5). With proper application, it exert
 

v buneficial effect by counteracting the high soil acidity
 

(low availability of several elements and high fixation of
 

phosphorus).
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4.5 	Livpotock--Coconut Integrated Farming -.,Roughly 3 million
 

hectares of l3and in the country today are planted to coconuts.
 

About 0.5 million hectares of this coconut lands are stocked
 

with'livestock. Considerabl. interest hab been devoted to
 

this popular mixed enterpriscs, especially in many provinces
 

in llindanao (Southern Philippinco),
 

Several reasons were cited why livestock are grazed
 

under coconuts; (1) to provide feeds for work animals;
 

(2) to maintain the plantation clean and (3) to generate
 

additional income to the coconut farmer.
 

Like 	any other business ventures, however, this mixed
 

enterprise has its drawbacks or limitation. Among the most
 

common are the lack of sufficient feeds for the cattle to last
 

the year..round, the depressing effects of grazing on coconut
 

yields (especially on heavy soils and under improper pasture 

management): and lack of adequate financing. The first two 

factors are often results of the farmers lack of basic 

knowledge on management practices favorable to the livestock, 

the pasture and the coconut. Ideally, the system should be 

considered as a farming systCn i t.r than ab ccTarate enterpriset 

One r jor problem that res"lt in integrating cattle with 

coconut is corpaction, especially 4n heavy textured (clayey) 

soils. The grazing of cows and carabao (water buffalo) compact 

the soil duo to trampling. Comaction of the soil surface 

reduces soil aeration and drninage resulting to low yields. 

Cultivating or subsoiling once every threo years can countoract 

this 	ill-effects. It has been shuni by Fulizardo and Galvuz 

(1961) and Felizardo (1971) that thL yield of control trees did 

not 	significantly increased. The ,rk proved that periodic 

loosening or tilling of the tiurfnce soil is a good cultural 

practi~e cu giazed coconut farms. They likowiao claimed that 
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proper stocking rate and avoiddnce of overgrazing will also 

reduce soil compaction. 

Another factor which needs serious consideration is 

the competition between the coconuts and thopnature grasses 

for soil nutrient... .. y ,.LLZUbUn Una porasslm.in 

Grasses need mostly nitrogen for greater herbage production. 

Coconut,on the cher hand, requirus potassium, chloride and 

nitrogen In high quantities (rcfer to tables 3a and 3b) in
 

that order. Obviously, there is a need to apply these
 

nutrients to the soil in 
 order for the coconut to remain
 

econotaically productive and for the paeture to produce gre.ater 

herbage yield (Alfnrc- . i971iY-

While it is true that nany coconut farrmrs are
 

intercropping coconuts annual,
with biennial and perennial
 

crops, yet there are still many aro-q that can be 
utilized
 

for this enterprise. Experiences 
 in Southern Philippines
 

(tiindatiro) 
 have shown that a hectarc o. I'rsture under cuconut 

can easily carry three (3) art sl units for grazing under 

propar managciucnt, which is coitparable to iu-roved open pasture 

(Alferez, 1975).
 

Apparently, like intercropoing, the integration of 

cattle itl coCoLnut farms offers a tr-,endous potential in 

increasing thu of coconutincome the farmer. 

http:porasslm.in
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THE AGRONOMY 'OF CACAO-" 

BONIFACIO A. AZUCENA, JR. 
Manager, Soils Department

Twin Rivers Research Cantor
 
Twin Rivers Plantation, Inc.
 
Madaum, Tagum, Davao
 

INTRODUCTION 

Cacao or cocoa is a stimulant tropical crop..which grows best within
 

a temperature range of 21-3 0 *C, at altitudes of no less than 615 meters; a
 

mean annual precipitation greater than 1,250 mm; with drought period no
 

longer than 3-4 months; requires a deep top soil 
(at least 1.5 meters)
 

well-drained, well structured; high moisture retention; rich in organic
 

matter; and soils that are neutral to moderatly acid in reaction and
 

containing relatively high amount of exchanieable calcium and magnesium.-


Cacao provides the best of chocolate beverage and confectlonaries.
 

The productivity of cacao 
trees depends largely on several factors.
 

Among these factors are, suitability of the area 
to cacao planting in terms
 

of soils and climate, :niflue.ce cf planting materials; the variety and/or
 

cultivar and the type of propagation, the degree of care given 
and the level
 

of inputs provided 
as regards nutrition, shade management nnd crop protection.
 

Efficient cultural management, therefore, spells the success 
in cacao production 

CULTURAL MANAG ENTS 

A. Developmental stage (6-.6 
months before planting the cacao seedlings)
 

This stage embraces the preparation of material
 

requirements prior to te planting of cacao. iJs includes 

the selection of the planting site, preparation of the site
 

selected, survey and stak ing, preparation of shade treca, 

their plan, i 3g and milntenance. Shade is neede' by cacao 

plants drIng their oarly growth stage, to protect then fron 

-/Paper read during the XIV ToternatLional FOrIuL on So4 Taxoniomy a.id
AgrotechnoloEy Transfer at 1'CA1RD, Los aiLs, Lagunn, Philippines, 
February 3-20, 1986.
 

2/ Fertilizer Guide for tho Troplcj ond Sul-Tropics by Jan G. de Ceus,
 
Centre do "Elude do L'azote, Zurich, 2n t d. 1973.
 

http:niflue.ce
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,,direct exposure to sunlight, strong winds and other adverse
 

,,elements. It also, provides a kind of micro-climate which
 

hastens development of the plants.
 

1. Selection of Site
 

The area should be of good drainage to 

allow good aeration and availability of 

nutrients; it should be neai; roads for future 

transport of produce, far from the community 

housing area which can encourage pilferage and 

stealing of products; m,,st be near the sourced 

water if irrigation becomes necessary and, also, 

for'nursery use and of good terrain to ease 

farm operations. 

Z. Land cleaning., plowing and harrowing 

A sketch of the area is prepared, to
 

designate blocking pattern, road positioning,
 

location of farm houses and equipment. 

If the area is cogonal, plowing is done 

at a depth of about 30-.50 cms. This is carried
 

cut only once. However, if the area is with
 

weeds other than cogon, plowing can be dispensed
 

with. After p!ocng, one harrowing follows; then 

by herbicide application to further kill the weeds.
 

All stones are then removed from the area, and 

placed along the boundary of the area. 

3. Preparation of stales, lining, stkin and blocking 

Banbous or any woody plant material my be 

used for staking. They are cut about 3 feet long 

and tapered at ono end. The afficiency of stake 

preparation is about 1,OO pieces par man-day. 

,A nylon twine o. string may be used for lining. 
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A triangular or quincunx planting pattern 

ay be resorted to, witha planting dqtance of 

2.75 meters = 2.75 meters. Before going into
 

lining and staking, first prepare the nylon twine 

to be wed in lining. For baseline-twine, marks 

are made on the nylon twine at 2.34-meter interval, 

while for the staking-twine. marks are at 2.75

meter interval, end further marked about 1.37 

meters on both ends. 

A baseline is established by spreading the 

nylon twine across the area. The stakes are then 

placed.on every 2.34-meter mark. These serve as 

guides in staking the perpendicular lines. After 

having the baseline, start staking. The staking

twine is then placed on top of the baseline,
 

marked 2,75-meter on top of the first stake of toe
 

baseline. Then, when it is spread on both ends,
 

stake on every 2.75-mete~r mark. On the second line,
 

place the staking-twine on the 1.37-meter mark, on
 

top of the baseline having the 2.75-meter mark.
 

This is done alternately until the whole area is
 

staked. This operation takes 3 man-days per hectare.
 

Sh d.- Tree M.terials
 

Preparation and plantinj.
 

There are several tree materials which may
 

be used to provide shade to young cacao plants.
 

Some of these are cassava, madre de cacao and
 

ipil-ipil.
 

Cassava provides the earliest shading but 

of short duration for the newly planted cacao 

seedlings. .ticothor of its drawbarks is its being 
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,,.,p7oned.to pilferapei. Some peqple my go for its 

tubers and at any siomnt thereafter this shade 

material]s topple down or Bets blown down with 

strong wind. 

Madre do cacao provides shade but at a
 

non-uniform coverage. 
Another of its drawbacks
 

is its scarcity.
 

Ipil-ipil, on the other hand, grows faster 

provides uniform shade and builds up t~e organic 

matter of the soil during abcission of its leaves
 

On the 2.75-meter marks are planted the
 

ipil-ipil seedlings and just adjacent to each in
 

the inner portion of the row are planted the 

cassava stem (cuttings about 1 foot long). The 

cassava will ensure early shading. The ipil-ipil 

may be planted by direct seeding or better still 

with the use of pulled seedlings cf about 1.5 to
 

2 feet long (from base of roots to its top) and
 

having about 6 Inches of roots.
 

5. Weed control
 

Where cogon grows, chemical weeding is 

employed. In situation where other weeds are
 

-present, manual weedizj is used.
 

Slashing is done in between hills while
 

roller is run 
in betweer rows, where thereafter
 

herbicide is spre~d.
 

i. Replanting ofmissinghills (shade tree)
 

Missing hills nro replanted with the same 

shade trees preferably during the rainy season. 

Shade trees are also planted alongside of those 

previously planted but are 
stunted in growth.
 

http:p7oned.to
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7'."Fertilir ation qf Shade Ti eo 

'.To hasten growth and come up 4th vigorous 

shade trees, application of fertilizers to the
 

crop is also necessary. Phosphatic and potassic
 

fertilizers are usually applied on the ipil-ipil
 

plants, while complete fertilizers are for the
 

cassava.
 

.Nuragry Opcra. - (4"-5 months) 

Two months after planting of the shade 

trees, the nursery for cacao is prepared. 

The size of a nursery shade is dependen
 

on the number of secdlings required to plant a
 

given area.
 

Example: 

Area tc be planted - 100 has! 

Distance of planting by - 2.75 m. x 

quincur-t 2.75 m. 

Plant hill population - 1,500/hectarc 

Therefore: 

1,500 x 100 - 150,000 seedlings needed 

to plant the 100 hectares. 

Size of the Nursery
 

given: post distancing in a square - 2.5
 

meters (6.25 sq. m.) from post to post
 

This can accommodate 300 seedlings; hence,
 

100 hectares will nued s 500--iquares or a total
 

area of 3,125 square meter nursery. But, 10%
 

additional seedlings aru required as an allowance,
 

to take care for replanting. Hencu; the total area 

bf the nursery will be 3,125 + (0.1 x 3,125) 

3,437.5 sq. meturs. 
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The nursery.area Is land prepared by
 

'3 times :plowing, :followed by 3 times harrowing. 

,P6st locations are then staked. Along each row, 

posts are installed at 2.5 meters apart. These
 

rows are'aligned on an east-west direction. 
The
 

depth of hole for each post is 1.5 feet. The
 

primary lintels aro tied along the top side of
 

the post on about 7.5 feet from the ground level.
 

On top of these perpcndiculars, the secondary
 

lintels secured with nylor twine are spaced 1
 

foot apart, (at least 5 lintels per 1 square).
 

Thereafter, a layer of coconut fronds is laid on
 

top, to serve as roofing but spaced enough to
 

allow uiinipal entry of sunlight. A 3-foot walling 

of coconut .fr:nde in vertical position along edge 

of the nursco:y 31hed is pruv'ded to protact the 

seedlings from strong winds or astray animals.
 

Staking of ba-.,,d sollj rouin 

Each group of 7 lines of bagged soil are 

staked. This3 gruuping is spaced 20 inches apart,
 

and an alley of 1 meter around the nursery area 

is provided. Posts should be in between plots, to
 

prevent obstaclcn during operation.
 

Bagging of Soil
 

Plastic bags, preferably black, 8 inches
 

x 12 inches x 0.002 of an inch 
thick are filled
 

with surface soil from inside the nursery shed.
 

These are th: n rranged abreast with each other
 

in 7 lines per group. Bagging efficiency is 400 

bags per-man-day 
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Preparatio. of, seeds for Plantin. 

'Seedsare selected fcr good and productive
 

cacao plants. Seeds should come from pods that
 

are from-the trunk of a stem, of a good stand
 

cacao, free from diseases, of good shape and
 

weight and from very productive cacao plant.
 

After selection, pods are broken with the 

use of a wood in a pod breaking table. Beans are
 

placed inside a net bog mixed with sawdust, to
 

remove mucilage and washed with water until the 

mucilagu has been completely removed. These
 

beans are then laid on jute sacks and finally 

covered i7ith another Jute sack. The set-up is 

then watered. This is to pre-germinate the beans
 

which in the following morning, will then exhibit 

protrusion of the radicle.
 

These pre-germinated beans are seeded 

to each bagged soil. At least of the bean 

with its radicle at the bottom is sunk into thu 

soil. The un-germinated beans, after 5 days 

are then discarded. The efficiency of seeding 

is [0,000 beans per man-day. 

Care of ti-c Nursery seedlings 

,i2ter seeding, these are sprinkled with
 

enough water. Watering is done daily, if there is
 

no rain. In about 2 wueks, the seeds shall have
 

produced at least a pair of leaves.
 

Zags with dead leaves are separated for 

re-seeding and placed near the alley. 
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When the- seedlings are about 1 month old, 

0.5 g urea or a pinch is applied per bag; the
 

rate is increased monthly by 0.5 g. If micronutrient 

deficiency symptoms show on leaves, apply the 

deficient micronutriet once in every 2 weeks by 

spray and at proper concentration. Azodrin 202 R 

or any other insecticide may be sprayed when insect 

damage have been observed. The earliest expected 

date of infestation in w-fhen the first leaf appears.
 

A combination of Fungicide (Cupravit, Decis and
 

Tenak) may be applied to control fungal and
 

insecticidal damages on the seedlings.
 

Foliar fertilizer like Albatrog at 200 gms
 

in 40 lic~ri solution atay be sprayed on the
 

seedlings, starting when the first 
leaf matures
 

and bi-weekly whenever necessary. A 0.5% ureal
 

solution may be sprayed on the seedlings when they
 

reach the age of 2 months and the plants would 

exhibit paleness.
 

Volunteer weeds may be checked by hand
 

pulled as they occur.
 

As a ii-nitary ri-asure, weeds along the 

alleys may be controlled, either manually or by
 

chemical neana.
 

Caution is given, in that, excessive 

watering of the seedlings should be avoided to 

prevent fot rot. 

Care of the nursery will bu continued until 

the 3rd up t, 4th month when the scedlings are then 

ready for transplanting. 
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B. Pre-Productive.Stagne (6 montha) 

Planting of Cacao 

,~a a hole in between two ipil-ipil seedlings. In 

use the spade as a guide.determining the size of the hole, 

Four rounds of the spade make one hole, its size and depth.
 

Be sure to separate the top soil from the sub-so'l. during
 

digging. Hole digging efficiency is 300 holes per man-day.
 

Seedlings to be hauled are placed in a tray pan (to
 

minimize stress on the plants and distributed to the field
 

300 g calcic lime
from a nursery, after digging the holcs. 


and 50 g solophos are applied to each holes, before planting.
 

During planting, be sure that the plant should be of
 

the samu level with the hole made and in covering with soil,
 

it should be the top soil first, folluwud by the sub-soil.
 

This somehow prevents the growth of weeds and most likely,
 

more beneficial organisms are found in the top soil.
 

Planting efficiency is 300 plants per man-day.
 

Weed Control
 

- Weeds are plants growing where they are not desired
 

They can be shrubs, broad
 or plants growing out of place. 


leaves, grasses, sedges, bushes, aquatic or parasitic
 

They compete for survival with nacao
flowering plants. 


by way of grabbing the nutrients and moisture which should
 

They could
otherwise be utilized only by the cacao plants. 


also harbor insects and diseases which may attack the cacao 

They, can also crowd the cacao plant. The foregcin
pbnnts. 


undesirable characteristics of weeds, therefore, warrants
 

their removal or uradication from the plantation.
 

There are two known methods of weed control and thes
 

are, manual and chemical weed controls. In the ranual
 

method, with tho use of grasahooks or scythe or slashing
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bolo the'weeds are cut Lnd eradicated. It may be line
 

weeding or'ring woeding.
 

In cheamical. weeding, two types of herbitL±.es are 

used. These arc th altact herhicide wherein the weeds 

are killed by more contact- with the ecmical and the systemic 

wherein the chemical gc'.-a in2s'd,. the plant and kills the 

plant slowly. 

Ir doaonel areas, the %,ecd control methods resorted
 

to are a combination of the two. 11aintain a 1 meter clean
 

up ring weeding arcund the cacao plant and spray herbicides 

in between plants or a line slashing across the line of cacao 

plants and rolled uith "pagulong', in between rows of cacao 

plants before -pi-ny-;g h' rh s. On sparse cogon, 

"Haplas" method i',e-, f.,7d. ;b'reoy a herbicide solutic= 

preparation pa :ur.i ain a u vith the :s:! of piece of cloth,' 

leaves of cogon are wct ,no by one. This saves a lot of 

chemicals.
 

If the area are of diffcrant kinds of wen~ds, apply 

the manual method. TL,.%:i could be line slashing and ring 

weeding of 1 meter wide and, sa;e radius, respectively. 

Chemicals used a-,! Dos:;i-,e " 

1. 	 Spray mehrod; 

Paraquat - 75t' cc per drum (of 200 liters capacity 

p..us Tenak 130 cc 

Dovpont - 3 1.!3 -inr dir-m plus 0.75 kgs Anmrosul 

p.us T.:nik 130 cc 

Round-up - 750 cc per drum plus 0.75 kgs Ammosul 

or Urea plus Tenak, 1.30 cc 

Note: Stickers are used only during rainy season. 

2. 	"Haplas" method: 

Dowpont - 100 grams per liter of water 

http:herbitL�.es


Efficiency: Slashing, ring weeding - 0.50 ha. 

Chemical sprayng - lt 6 mos. - 1 ha. 

- 1st year - 1-2 has. 

Cycle: Monthly 

,Fertilization
 

Providing plant nutrients in sufficient amount and
 

available to the growing plants is a very important
 

requireient. Soil and leaf analyses more or less give one
 

an idea of the soil fertility status and nutrient uptake of 

plants. Vith the use of critical nutrient levels both in 

soil and in leave.s, the amount of nutrionts by way of 

fertilizer application i; determined. Others use the age 

of the plant and/er with crop yield as basis for determining 

the nutrient requirement of the plant. 

Following is a fertilization scheme in one of the 

cacao plantation in Divao dnring pro-productive stage: 

1. 	Pro -mix farrilizer with the follow!-. . '. 

gLras,h1jll per application 

Urea - 9 grams
 

Solophos - 10 grams
 

Potash - 8 grams
 

Dolomitic lime 6 grams
 

2. 	Frequency of application
 

N and K - avery 2 months
 

P 	 - every 6 months 

B - every 3 months 

hn and Zn - foliar once a year as needed 

Dosage chances every 2 months of application. 

Efficiency: combine fertilization - 4 has. 

Cycle: 6 x year (every other months) 
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Propagation
 

As, soon as the plant crop has been established, which 

!takes 2-3 months after transplanting, asexual propagation 

is practiced. It may either be by budding or grafting. The 

idea is to have the desired variety. 

Budding
 

Budsticks are collected from healthy, high yielding,
 

disease -- free, nature trees. The scion may be derived from 

a chupon or from a fan branch. It should be of chalk size,
 

similar tc the root stock and more or less brownish. The
 

budstick is more orkss, I foot long, with leaves removed, 

leaving about 14inch of the leaf petiole. A budstick of
 

5 should be rrapped -;ith cacao leaves to prevent bruising 

and drying. Budding sta:ts 2 to 3 months after planting. 

Procedure in Patch Pudding
 

Vie patch budding consists of removing a square or
 

rectangular piece of bark from the stock and inserting in
 

its place a bud of desired variety on a similarly shaped
 

piece of bark. Two parallel cuts, 3/4 to 7/8 inch apart are
 

made on the stock. The cuts should be made perpendicular to
 

the stock and should be about 1 ir.ch long. With a sharp 

budding knife, 2 longitudtul cuts are. They are likewise
 

3/4 to 7/8 inch apart, and each should intersect the two
 

horizontal cuts, resulting in a square or rectangular patch.
 

Similar cuts are made above, below and on each side of 
a
 

bud on a budstick with the same tlol that is used on the 

stock. Care shoul b! exercle'd in removing the bud from 

the budstick in order to avoid splitting the bark beneath 

the bud. The bark should be lifted carefully on one side 

or both sides, if necessary, and the bud loosened by a
 

lateral twist. The bud is held in place on the scion while
 

the patch of the stock is flipped off and the bud is then
 

quickly transferred to its ulace.
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In making the transfer it is important that the 

delicate cambium cells on one underside 61 the bud and on 

'the exposed surface of the dtock be subjected as -little as 

possible to mechanical injury and exposure to r:or. The bud 

should fit snugly in its new location and should .be tied 

It is then tied with plastic strip covering the
immediately. 


whole patch., This is to secure the scion with the root
 

stock and prevent entry of water.
 

28 days later, the plasth strip is removed.
21 to 

If the bud shows a sign ot growth, maKe a garaic aDouL 

4: inches and inch of the diameter of the stem above the 

After 1 week if thure'A a pr:trusion of thc bud eye,bud. 


start bending. Ben,riT1n i. cutting almost half the diameter 

of the stem in a slide pcsition ruiulting into a split of 

the stem but separation should be avoided.
 

Maintain the root-leaf ratio to keep the root 

functional in absorb.Lng food or nutrients frou,the soil. 

After the 3rd flushing, cut the bended portion, about 1 inch 

above the bud and paint with coal tar. 

Efficiency: 300 hills per man-day
 

Grafting
 

rafting is another mdans of asexual propagation.
 

In here's fan branch or chupon are used as scion,
 

The
The scion is collected from a desirod variety. 


scion and the stock should be of the same size and age. 

Kake a diagonal cut on the scion, prevlousLy
 

collected, about of an inch similar to a chisel shape.
 

The tapered portion should be snuoth so as to"it the stock
 

well, After the preparation of the scion, make a vertical
 

cut on the stock of the same size. Insert the 'cion to the
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stock on a straight vert.ical position up to the last edge
 

of scion's cut, Cover with plastic atrip from below upward,
 

covering the union of scion and stur-k and the whole part
 

of the scion. 
'Tisis to keep the scion and the stock in
 

contact and prevent drying and the entry of water into the
 

propagate . rtion.
 

When the shoot stxrts to come out, remove the plastic
 

cover up to the joint point of the stock and scion.
 

Effjrjic~rcy: 
 100 hills per man-day.
 

Water sprouts are removed by pruning. This ja to
 

prevent growth of unnc,ssac.y chupo:is which if allowed to
 

grow, will destroy 
 the for ,i of the 	 tree rnd induce crowding 

of branches as to 	reduce the yield of the tree.
 

Should some of the fan branchej develops towardo
 

the jorquettu, these are removed and only 4 fnn branches 

arc allowed to grow. 

Efficiency per man-day: 
 1 ha. 

Cycle : 6vc r 	15 days
 

Post and Disease 	Control
 

The following are 	the insects that attack the plant 

at the pre-productive stagei 

a, Nealybug - Sumithion, 20 cc per 10 liters of 

water plus foliar fertilizer 

b. Nocturnal beetle - Sumithion, 20 cc per 10
 

litcra 'fwater
 

c. Cut worm -	 Kaffil, 5 cc per 10 liters of water
 

d. Lady bu8 -	 SPkithion, 20 cc per 10 liters of 	water
 

e. 	Ants (red or '?ack) - Sumithion, 20 cc per 10 liters
 

of wrter
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Common diseases found in pre-productive stage
 

1. Vascular strdak dieback
 

'2. Pink disease
 

3.' Stem canker
 

The above disea,,s may be controlled by way of 

pruning the affected portion/s of the tree. 

Re-buddinp 

Failures in budding are corrected by re-budding.
 

Replanting of seedling cacao 

The need for replanting the missing hills is 

indicated by the number of stakes I-n each row which the 

sprayman has observed during his spraying operation. 

KEopp inR 

In order to prevent abnormal growth of the developing
 

chupon from the patch bud, a pole of ipil-ipil is tied
 

abreast to it until its developmnt has been completed.
 

Security fu ce 

To secure the established plantings from stray 

animals and thieves, the area is fenced with barbed wires 

attached to the growing ipil-ipil. Established a 3-4 lines 

of ipil-ipll, adjacent to each other and along periphery of 

the area, accomplished by raking furrows and seeding these
 

to ipil-ipil. Growth of the ipil.-ipil trees is regulated
 

by cutting the trees to an appropriate height in sequence 

until the desirF-d size of the stem is reached. The barbed 

wire is then attached to the outermost line of the ipil-ipil 

trees, at most of 7 strands.
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C. 	Protuctive Stage (12 months)
 

Wed Control
 

At this stage, it is almost in close canopy v
 

yet in some areas there will still be weeds which ma
 

compete with the plant crop. 
Control measure, are s
 

to the field. It could be by chemical or manual men
 

Vhlr-n cogon appears, use systemic herbicides, such as
 

round-up or Dowpont. These are then sprayed on the grasses
 

with the use of pak-a-bak 15-liter capacity. When cogon 

is sparse, "?aplas" method is necessary. This is to save 

cost on the chemicals. On other weeds,. apply contcct 

herbicides, such as gramoxone or paraquat. 
 It is also
 

of common practice to do slashing or under brushing on these
 

weedy areas.
 

Efficiency per man-day: Chemical - 4 hoi.
 

Slashing - 1 ha. 

Cycle: Chemical - every 3 months 

(4 cycles per year
 

Slashing - every 2 months
 

(6 cycles per year
 

Replanting of cacao seedlings
 

During the operation, the sprayman should monitor
 

the number of misning hills in each line. 
 Mhen the sprayman 

is about to transfer to the other row, he will put stake/s
 

infront of the row. 
The number of missing hills corresponds
 

to the number of stakes in the row.
 

On the other hand, when the tractors, loaded with 

seedlings arrive they will niaply drop the seadling8 accardfn 

tO tihe 	number of stakes that are infront of the row.
 

U,
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Thinning and Maintenance of sh de tkees 

As the cacao grows older, the need for shade reduces.
 

It'is then necessary to reduce the shading canopy of the
 

shade 'tree. This is done by pruning and thinning and later
 

by girdling the-shade tree to be eliminated.
 

When the cacao plant ruaches the age of 6-12 months 

from budding, the plant needs 50-75% shade (depending on 

clinantic condition). Hence; vhen it is 12-24 months old, 30

50% shade Is needed,'followed by the gradual elimination 

of the shade tree. 

Cut the shade tree about 7-8 ft. high, alternate in 

a row and let it sprout for 60 days. The tree which have
 

been left, will be the nest to be cut and of the same 

procedure. This is done altcruitely until it reaches the 

25th month. This is to prevent abrupt change within the
 

cacd environment, due to reduction in shade.
 

After the 24th month, start girdling the shade trees
 

to be eliminated, retaining a buffer for strong winds,
 

insects and diseases around the block every 2 hectares.
 

Fertilization
 

The fertilization schee will d:pend on soil and 

leaf analyses and on the reco,-,irendntion, thereafter. 

Belo, is an example of a fertilizer recoruiendation
 

for i7 1984-1985 in one of the cacao plantauions in Davao:
 

per ha. per year:
 

N - 250 kg, P205 -- 103 ki
 

K20 - 515.3 kg
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Pest and Diseases and their Control
 

Pest (insects)
 

.1. Pod Borer (Acrocercops crameralla)
 

A larvae from a nocturnal moth of 5-7 

mm. long and with a wing span of about 12 mm.
 

The adult moth lays about 40 e gs (ave.) on
 

the surface of the cacao pods during night
 

time. It lays eggs on exposed area of the
 

pods. The eggs hatched about 3-7 days after
 

laying. The larvae bore inside the pods feeding
 

on the placenta of the beans cutting its food 

supply and stop bean from developing. The 

larvae stays inside the pods for about 17-21
 

days and goes out to pupate outside of the
 

pod, leaves or even on litter in the ground. 

Pupal stage last for 7 days. The adult moth 

dies after layin, eggs. After 7 days the 

pupae becomes adult and again repeat the cycle.
 

Along the life cycle of the pest, the destructive 

stage is the larvae stage, the state where the 

contreo l o.e ,r ,',r t'-!, 1- , L. + . . 1 ., ... . ... 

cntrol Measures
 

1. Preventive - control measure be implemented
 

in order to prevent the adult moth from laying 

eggs on the pods. 

a. Bagging - covering the cacao pods with 

plastic bags. This prevents the adult
 

moth Eror, layin, eggs on the pods. 

Efficiency: 1,000-1,500 pods per man-day 

2. Control
 

a. P.ampasscn - a term given by way of removal
 

of all pods for a month and at a time of low 
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Disadvantages: It's hard to ensure that
 

all pods will be harvested and
 

besides in the plantation,
 

Malaysian variety has a continous
 

cycle. Also other farmers grow
 

cacao outside ghe plantation.
 

b. Chemicals - with the use d a systemic
 

insecticide, like ".cis, it stops the 

cycle of thib pest. Spraying is done 

only oi! pods of baggable size while 

acxluding pods which arc already ripe. 

Chemicals and their dosages 

Decis - 5 cc per 10 liters of wate,
 

Sticker - 2.5 cc per 10 liters
 

of water
 

Sprayman's efficiency: 1-1.5 ha.
 

per man-day
 

Pod Borer Survey
 

To minimize cost and determine the effect of the
 

cheatcal used, a survey is formulated before spraying, if
 

recommended and re-survey, if not recommended. This survey
 

tells the percentage of borer infestation and is also a
 

deciding factor whether sprayin,, is needed or not. 1% or
 

more spraying is recotzaended. If an area is recommended for
 

spraying, the following week it is re-monitored. For those
 

which are not recommended survey is done and remonitored to
 

know the percentage infestation.
 

Survey 	proper 

Sampling is done at randoma. it hectare is divided into 

4 subdivisions or plots. Each subdivision must have 56 samples,
 

so therefore, a total of 224 samples per hectare. In surveying,
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look for the entrance qnd exit holes of the borer
 

on dr. of eye level. Sampl.e alternately on the 

.first line with 9 hills, and when the 9th hill is 

,reached turn on opposite diagonal direction counting 

9 hills and again sampling alternately. Every time 

you reach the 9th hill, turn on opposite diagonal
 

6
direction until you have 5 -samples/plot ( ha).
 

Aside from the exit and entrance holes, record how
 

many pods were infested with black pods, how many were
 

damaged by rate, and bored iumnature pods. % infestatioi
 

is obtained by dividing the bumber of bored pods
 

surveyed by the total number of pods surveyed,
 

multiplied by 100.
 

Survey efficiency, 2 has. per man-day
 

2. 	Rats eat ripe cacao pods. They eat the placenta
 

which is sweet, finally destroying the whole pod.
 

Control: baiting with Rodunticide
 

3. 	Lady bug - feeds oh leaves
 

Control: spraying with insecticides
 

Chemicals and dosages 

Vethyl Fosferno - 10 oc per 10 li of water 

Sumithion - 20 	cc per 10 li of water
 

Hlostathtlon  1.5 	cc per 10 li of water
 

4. Scarring beetle --feeds cn leaves
 

Control: spray J ,secticides
 

Chemicals and dosages 

Azodrin 202 R 10 cc per 10 li of water 

Kaffil 2.5 cc per 10 li of watei 

Decis -. 2.5 cc per 10 li of watez 

5. 	 Tusock Hoth - feeds on leaves 

Control. spray insecticides
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Chemicals and dosages
 

Az6drin'202 -'10 cc per 10 liters of water 

"affil - 2.5'cc per 10 ii of water 

6. 	Mealybugs feeds on flushes, fruits, and
 

flower Cushions." In symbiotic relationship
 

with ants. Ants bring them up and feed on
 

their secretion.
 

Controlz spray insecticides
 

Chemical and do2je
 

Suithion, 90 cc per 10 liters of water
 

7. 	Aphids and Plant hoppers - feed on leaves 

Chemical Control: Sumithion, 20 cc per 10
 

1i of,water
 

8. 	Twig borers feed on branches, thereby
 

stopping the flow of food from stem to
 

branches thus killing that part where the
 

borer exists.
 

Control: insecticidal spray
 

Chemical and dosa-e
 

Azodrin 202 R, 10 cc per 10 liters of wate
 

9. 	Ambrosia beetle - from coffee, :zakes holes on
 

stem, also, cutting the flow of food, thereby
 

causing the attacke~d plant part to die.
 

Control; insecticidal spray
 

Chemical and dosae-	 Thiodan, 10 cc/10 li of
 

water
 

10. 	 Indian male moth - lays eggs on stocked beans,
 

hatched and become larvae. Thu larva feeds on
 

beans, creating tunnels on these beans. This
 

lowers the quality of stocked beans.
 

Control: Chemical means by spraying or by
 

drenching the sack with insecticide solution.
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Chemical and tdosage 

Decis-spraying 5 cc per 10 liters of water 

Drenching - 10 cc per 10 li of water 

Diseases
 

I. 	Vascular streak dieback - caused by Oncobasicium
 

,h ,'. n1n, a funinl arganism.
 

Affccted plants become less productive.
 

Absorption of nutrients will also be affected,
 

because the xylem and phloem vessels also gut
 

destroyed. The causal organisms is an obligate
 

parasite that attack living tissues. The disease
 

starts at the apical re-.ion, usually on flushes.
 

Dissemination is only at night where they
 

1. 	Yellowing of leaves, with gron spotting 

2. 	Leaf scar manifests 3 brown dol.g
 

3. 	General burning of tmture leaves and 

flufnhes 

4. 	Brown streaking on branches and on
 

stem when split.
 

5. Stunt~rig and no flushing
 

Control:
 

a. 	No reliable chemical control up to 

present. 

b. 	By pruning the infected portion.
 

Cut infected branches 6-12 inches
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,,.from the-last brown streaking and
 

then paint 	with coal tar. 

Control efficiency:
 

2 has. of young cacao trees or 1.5 has.
 

of 	full growth cacao trees.
 

2. 	 Thread blights - larasaius 2M. may appear 

as white mycelial thread or black fungal 

thread on leaves, petioles and branches. 

Penetrates branches on its xylem and phloem 

vessels w¢hich eventually get clogged causing
 

death of affected braaches.
 

Control: 	 can be controlled by pruning all
 

infected parts, 6 inches from the
 

last infected area and finally
 

burning these infected parts.
 

3. 	Pink disease - Corticium salmonicolor, a
 

fungus disease that produces spores that are
 

salmon pink in color on bark or branches of
 

infected trees. At the time these spores
 

are seen, 	the sta3e of development of the
 

disease is 	 way in advance. This pink color 

first was 	 just a white powdery substance but 

later turns pinkish in color as the disease 

advances. On advanced cases, the portion
 

affected will soon die and dry.
 

Control: 	 Pruning - cutting the affected 

portion and painted with
 

coal tar.
 

Chemical - scraping the affected portion 

end painted with coal tar mixed 

chemicals like Cupravit, Deconil
 

or Benlato.
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4. Black Pod Rot 7Phytopthoa palmivora, 

attacks 	stems and pods.
 

Stcn 	 bark seems to be roasted (black) from 

the 	base upward. This may cause death
 

of the 	tree. 

Pods: 	 black pods, pod rot - blackening and
 

rotting of pods.
 

Contrel: 	 Cultural - removal of all infected 

parts which are then buried or 

burned. Avoid heavy shadfn ' and 

improved drainage.
 

Chcaical - spray with pristan 

Pruning
 

Removal of diseased and undesirable brancles
 

and 	 twigs; reducing the ,fhade. 

Disadvantages of no pruning: 

a. 	Obstruct operations
 

b. 	Favors diseases, like thread blight and
 

pink 	disease 

c. 	 Delays operations 

'runing 	at prcductive sta_i,,e 

1. Fan branch that grows inward the jorquet 

point
 

2. 	Branches that grow downward
 

3. 	Branches that grow 1-2 ft. fron the 

jorquette point 

4. 	Branches that grow straight upward
 

5. 	Branches beyond the reach of sprayman,
 

during spraying
 

6. Water 	sprouts or chupon 
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7. 	Diseased branch
 

8. 	Over branchir18 or too much closeness of 

branches . 

9. 	Branches that overlap other tree
 

Efficiency: 0.25-1 ba./man-day
 

Cycle: 12 cycles per yuar or month'ly cycle
 

Pod 	Count
 

Production forecast for the next 2 months is
 

done by s'impling, 7 samples per hectare usually in
 

center line. It is the counting of all pods within
 

the sample tree from a baggablc: size upward buy
 

excluding ripened pods. While counting the pods,
 

they are painted with color codes corresponding to
 

the month, like red, white and blue. These color
 

codes designate month are used alternately.
 

Recording: date sampled
 

color code
 

black no. and hectarage
 

Population x .9 (90% after deducting
 

10% 	from 100) x pods/tree (pod #
 

+ number sampled) = total estimati
 

for harvwstable pods in the next
 

2 months 

Efficiency: 20-24 has. per man-day
 

Cycle: monthly or 12 cycles per year
 

Proppi 

During the first year of cacao production, weights 

of the fruits will becorie a problem. Records show that 

during its first year of production, high incidence of
 

splitted cacao stem have been observed. This is due to
 

the weight of pods that the tree could not support.
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Because of this problem, the need of propping
 

the cacao tree arises. With the use of a- pole (ipil-ipil) 

tied bn the tree, the tree i supported in carrying the 

weight of the pods. Also,-tying the fan branches witt 

a twine together, splitting of fan branches at Lhu 

D. Harvesting/Procesaing
 

Harvesting 

With the use of harvesting knife, ripened (yellow 

or orange in color, depending on variety) pods are separated 

by cutting the stalk in between t.C- pod and the flower cushion. 

It should be noted that in hcrvesting, the flower cushion
 

should not be included, becous-a nce it is injured, the 

chance of bearing fruit becomes irmpossible. Dania' pods 

are also included in harvesting like black pods, rat damage, 

bored imnaitured p:Hds v1 .0ch are fully separated from good 

pods. Good pods are than sacked with harvester's code 

written in a cocno leaf and with 5C pod. per sack. Sacked 

pods are then tiu,] with parcola coded ribbon and placed 

along side of the parc,:J.a liyout where it is hauled later. 

Hauling 

llarvesting/Production report serve as guide in
 

hauling harvested pods. It tells where it originates
 

(pla. # , blk. #) and how natty pods had been harvested.
 

Hauling is based on priority, as to which will be
 

hauled first- its distance, nuriber of balance not hauled
 

(if any), road ntatus and amount of pods harvested.
 

The hauling team is composed of 3 and with an
 

efficiency of 200 4-.Lj per trip.
 

Hiarvested pcods are then piled by parcela. Marked
 

with parcula nunmer, date h-t,!ed and number of bags.
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Sampling. 

. Sampling is conducted when the harvested pods have 

reached the fermentary house, About 5% of the total bags 

hauled are.sampled. This reflects the harvesting procedure 

whether the harvest had been done properly; checks parcels 

harvester, regarding the quantity of pods sacked; monitors 

infested/damaged pods like black pods, rat damage, end 

counter checks monitoriLg of bored pods. Sampling is
 

parcelarized.
 

Pod Breaking 

* Pod breaking is done by parcels. The number of bags 

in a certain parcela is divided into the numberof pod 

breakers. These pod breakers g'2t th'ir share of the pods 

and place them bosi'le their pod breaking table, ready for 

pod breaking.
 

A pod breaker has his own pod breaking tabli, 2 

woven baskets (bucag), one for cacao good beans and the
 

other ono for the cacao shell. They also have sacks for 

pods infested with phytopthora (black pods) and bored pods. 

Defective beans are retained in the pod breaking table but 

later transfered to a sack for weighing. 

Cood beans are separated from infested beans. For 

counting purposes, if pods are infested with phytopthora
 

(black pods), all of the cacao shells will be separated
 

and put in a separate sack, while for severely bored pods
 

theapical part of the shell is retained for counting and for 

slight bored and germinated pods, the half portions of cacao
 

shell with stalk are retained.
 

Infested pods are categorized as slight and severe. 

Slight, when the damage is below 50% and severe, when it is 

50% above. The beans are then classified as class A and B. 
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All beans without defects axe class A and beans with defects, 

like'germinated beans, bored beana and black pods, are class B. 

All cacao shells, excluding the cacao infested with 

phytopthora, are crushcd and distributcd to the field. 

The black pods are buried or dumped far away from the 

plantation, to prevent contaminating the other bearing cacao 

trees. 

After breaking, all beans nra then wo:[u.h,:d, separating 

the weight of clai-,g A fr ', . , B. Thu defl-cts -ne categorized 

as slitht or sev-.u antd th:hJ:: n-"uit rcu;'ned. Also, with the 

total weights of class A z;,ilE. All , , bans are then 

ready for batchln. : i: v',rcd tc the group of pods 

broken during the period of 1 wc:kA that Ja: all pods broken 

from M onday to Stund,.y arct cinMsidcerod I batch. 

Clas A , . .o: in th,. fLrnentary box for 

fermentation -,hiue c:-;i ) !;aT::;pr,'cue.,- to the wash box fur 

further proccssi.ng, to i:aiT:rove its qu.lity. Beans that go to 

the fermcntary box are then t widwith bcx number, date of 

1):)d bre,2king, batch number, clasaificitlon and the total 

weight. 

The first box is layered vith fermo-nted beans which 

serve as an inducer in thu far!-icntation process. The fermented 

beans contain Lactcria which cau--: the ferrmentation process. 

This bacteria are ,.liewud to ho the initiator of fcrnentation. 

Fermentation 

Procedure (7 .ays fern!ntation) 

1. Clean arl rarnovo all clotgged linear air passages 

beneath tho []oov l["1ethe first box, so as to 

allo''7 :1.0 fl'.-, Jhoti tha b)ox. 

2. L.'... ;'',..'beans to induce 

1 ' .. . .. . . . . 'M I:.-:" ..... AIX 
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3. 	Pour the beans (recently broken) into the first 

box, and when about half of the box has been 

filled, layer again with fermented beans; this 

induces fermentation faster. 

4. 	The beans will stay in the first box for 1 day only. 

This is,without cover. The purpose of the first 

box is just to allow sweatings to flgw from the 

box;
 

5. 	The following day (2nd and 3rd (lay) transfer the 

beans to the 2nd box. Before transferring, clean 

the linear air passages, removing the clogs before 

transferring the beans. In transferring, the tim. 

limit ranges fro 30--40 minutes. This is done to 

maintain the t:or.purature ctablished before 

tranofcerr'., ,- to lessen dropping of temperature. 

In this box there's a buiJ.d up of temperature, 

about 34'C-44*C. In transferring, it should be
 

noted that the beans should be mixed well and
 

leveled. This prevents the beans from clustering
 

or 	bonding together. After transferring all the
 

beans, establish the holes, 1 for every sq. foot.
 

(approx. 32 holes in one box) within the bulk
 

of 	the beans. These allow the air to pass through
 

the 	bulk of beans inuide the box. Air is needed 

in 	 the middle portion of the bulk to keep the 

bacteria alive and which are needed in fermentation. 

Cover the box with sack on the top portion to keep
 

it 	 moist aid to prcvnt dryin;. 

6. 	On the 4th day (4th-Sth day) transfer the beans to 

the 3rd box, the sane procedure as on the 2nd box. 

These beans will stay for 2 days in this box. Tha 

temperature ranges froin 48°C-49*C.
 



The agronomy of cacao .. 30 

7. 	Transfer "ho beans on the 6th day to the 4th box. 

(6th-Yth dny): Same procedure is to be done as in 

the 3rd box. On the 7th day, cosvtct a cut test
 

on 	 the beaus, to scu if thc b.:nns are fully 

fermented or not. If not, keep the box covered
 

with sack, et-ndiag thu stay of the teans in the 

box 	 if necessmry, but if already fully fermented, 

remove the sack cover. T7his is to reduce the 

continuous build-up of temperature due to 

bncter'ial action. scar Ior 2 days.so.:nn 

8. 	 On the 8th day, trmor nocvth tu the drier 

bud for drying. 

Factn rj rffL-_ting fr ct-'i 

1. 	 Duration (tinL factor) of pod braLni.n!, lrom 

harvest. That is if :t: L; stvr d L,:.fre 

pcocessiny. Ifpil rL'king is ,.layed for 

about 5 -6 d:y,;, c .c :u ;o s ',_-cen sot, hat 

dehydr-itui.
 

2, Variety of cacao - different variecics have
 

different levels of o.ar contcnt that affoct
 

the ferndotation proDcL.ss.
 

'3. Size of loean and qual.ty of L-,ans.
 

Chnnges that occur In the ,,eAidQqjy;_..:-tynn 

1. 	Breal," .wn of ,ulp 0: ,n,. of swaatLingu 

(fermanttati.n pulp ."r to alcohol occurs with 

the r ,:, n t r. t: r 

2. 	 Air accons to the .;urlacu of the mass Lrou;;t about 

by nixing th, m:;, 

3. 	 lBacturial .:ida l.n of -.lcohcl -a acLtic acid with 

furthmr r im. in turpk.rnturo, 

4. 	 Pea.h of o.!i '.u,: tc. L..i:praturc rise and which 

rault In cit np Gf c .' color. 

http:proDcL.ss
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5. Development of chocolate aroma and flavor.
 

Drying
 

Drying is important to prevent mold growth during
 

subsequent storage.
 

There should be 2 drying beds in the drying section. 

,Ae first bed is for skin drying while the second bed is for 

final drying. 

First bed - from fermentary box, the beans are
 

layered on the bed of same level and 

thickness. The beans are turned uvery
 

hour by paddling equal distribution 

of hunt and uniform drying. Mixing 

prevent clustering and bulking of beans. 

Vhc terperature is aintained about 

150-160*F. The beans stay here for 

24 hours. 

Second bed - the beano I& here are almost dry. They 

are also layered in the bed of oae 

level and thickness. Turning and mixing
 

takes 3-4 hourG; interval. The temparaturc
 

is lowered to 140°F-150OF. The beans stay
 

for 24 hours drying. Conduct a moisture
 

content test. Moisture content should
 

be 5-7 before storing.
 

;acklng /Sorting /Gradinp 

Dried beans ate then sacked and weighed. Weight
 

3hould be recorded and endorsed to the warehouse for
 

:ecording purposes.
 

Unresortet beans arc the classified accordingly, at
 

,he sortingarcn. Thy are classified as Class A, B, C, and D.
 

I*x 
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Class A - 100-110 beans per 100 grarn of beans 

Cla3 '! -. ]J'.-..50 I._.n.3 ;!cr 100 grais of beans 

Claro C - I 0-.:bc.,':,o;: i.nfristd b 

fl1nna 1) 

Dl - Nibs 

D2 Flat bcanr; and srmll beans 

I.ter sorting, sorted and classified beans are sacked 

in a jute sack ready for nmrket. Sacks used are treated, 

drenched with rystir.\ic insecticide - Docs at 10 cc per 

I0 liters of water or sprayJ at:5 cc per 10 liters of water. 
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INTRODUCT ION 

Traditionally, soybean, which contains about 40-45% protein and 

20% oil, is grown under upland conditions. 1jith extensive land 

itilization, the growing of soybean is extended, i.e. intercropping
 

with coconut and sugarcane and lowland rice-as:d cropping pattern.
 

Various advantages are obtained from growing soybeans. Being 

a leguminous crop, it is capable of fixing atmospheric nitrogen to 

reduce the plant's dependence on supplied N iron fertilizers. The 

feed industry utilizes soybean as oil ix.-al for poultry and livestock. 

It is a highly nutritious food mostly in thc: forms of soymilk, 'tahu'
 

and 'tokwat in tho Philippines. It bocomes a raw material for making 

of dyes, synthetic resins, lacquers, glues and paper coating.
 

The reported potential yield of soybean in some experiment
 

station& in Los Baijus, La Granja, ilagan and Tupi is 5 MT/ha. However, 

the material avurage yield remains below 1 mt/ha. The field performance 

of soybean is influenced by three factors, namely, genotype, environment 

and management. Proper knowledge on the appropriate interactions of 

these three factors would be vital in increasing soybean yield under 

farm levels.
 

THE SOYBEAN PLANT 

Soybsen, similar to most crops, have two major growth stajus,
 

riamely: the vegetagive and the flowering or reproductive otages.
 

The vegetative stag,-s of the scybean plant covers about six to 

2ight weeks. This period is between suedling er.mergence and the appearauc 

)fthe first flower,
 

-/Lecture for the XIV International Forun on Soil Taxonorqy and Agrotoch-
nology Transfer for the ASEAN Region held on March 3-20 1986 at PCARRL 
Headquarters, Los Bafios, Laguna..
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Being a short-day plant, the span of vegetative stage and the
 

onset of flowering depends on its photoaeriod sensitivity. llost 

varieties start to flower when the daylength begins to shorten.
 

The amunt of vegetative occurrin. after the beginning of 

flowering is also influnced by the growth habit of soybean. Growth 

habit of scybean may be determinate or indeterminate. 1he deteriinate 

types are those in which vegetative growth ceases once flowering has 

commenced both downwards and upward from this portion and both stems 

usually terminated wi,n a cluster of pods. The indeterminate types, 

however, start flowering at the 4th or 5th node. Flowering progresses 

upwards. iThey continue growing vegetatively aven after flowering has 

started and the tv2in stem usually ends wich a leaf. 

'ih muturity range of soybean vari.2ti(s in the Philippines is 

from 80 to 133 days. The reported time from germination to maturity 

in uet season is longer by 10 days among early varieties and 30 to 35 

days among the late varietie than In the dry sacon! 

Knowledge of the different stages of growth in soybean would be
 

very useful in determining the proper cultural management needed to 

attain the potential yield of soybean under farmers' field conditions. 

Table I provides the general cultural management recommended for the 

growing soybean plant till its harvest time. 

AGROCLMIA7 C REQUIREMIENTS
 

Coil Factors
 

Soybean is reported adaptable to a wide range of soil
 

types. However, moderately fine, well drained and fertile soil 

(sandy loan to clay loam) with high calcium content is preferably. 

Soil pli 5.8-6.5 is suitable for both soybean and nitrogen-fixing 

bacteria, p. range of 6.0-6.5 is however, the optimum, level for 

satisfactory biological activitieu of - uil organisi., for nitrifi.. 

cation, symiotic nitrogen fixation and decomosition of organic 
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Table 1. Essential cultural mangement during the different stages of
 
growth.
 

CRO 	 In STAGES, 

Germination and 

emergence 


Unifoliato leaf 

4-Trifoliate 

leaves to 

beginning of 

flowerinp 


Nid--bloom to 

full bloom 


Beginning of 

pod develop-


ment
 

Rapid growth 

to green 

bean stage 


Approaching 

maturity to 

full maturity 


C 

Seedling emergence 

from the soil 


Nutrition of 

seedling 


Branching occurs 


Photosynthesis 

active 


Nodulation active 

Subject to effect 

of dayleugth 


Flowering 

Flower abortion 


Pod 	setting 


Photosynthesis 

active 


Period of dry 

matter accumu-

lation
 

Growth d seed to
 
maximum size
 

Shedding of leaves 

Loss of moisture in 


the seed
 

CULTURAL 14ANAGENET 

1. 	Good seedbed preparation
 
2. 	Depth of planting at 3-4 ca
 
3. 	Adequate weed control
 
4. 	Adequate moisture
 
5. 	Seed protection with fungicide
 
I. 	Fertilizer should be in band
 

3-6 cm to the aide and slightly
 
below the seed 

2. 	No direct contact of fertilizer
 
with the seed
 

3. 	Weed control
 

1. 	Correct spacing and plant
 
population
 

2. 	Controlcf insects
 
3. 	Weed control
 
4. 	Proper nutrition
 
5. 	Proper p11 of soil
 
6. 	Pest control
 
7. 	Planting at the right season
 

1. 	Proper moisture
 
2. 	Correct plant population to get
 

aduquatu pod height from the
 
ground
 

3. 	Adequate nutrition
 
4. 	Weed control
 
5. 	Pest control
 

1. 	Adequate nutrition
 
2. 	Proper spacing and planting rate
 

3. 	Weed control
 
4. 	Adequate moisture
 
5. 	Pests and diseases control to
 

prevent defoliation
 

1. 	Harvesting at 13% moisture in
 
the seed
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matter. When pH is below 6.0, apply 2/3 of lime 

requirement 3 months before planting and the remaining 

1/3' just before the last harrowing (Table 3). 

Table 2. A generalized liming table to adjust initial soil p1l to phl 
6.0 	(Frou EP, for Soil Fertility and 11anagement, 1933) 

.- It. 	 , S_?3UUT OF I, ISTONE (CaCO, )(t/ha) AT DIFFEREIT SOIL TEXTURE 
INITIAL '---- --


SOIL pll SAIDY 'SANDY LOAH LOA, SILT - CLAY LOA1f CLAY
 

4.0 2.0 3.5 4,5 6.0 7.5
 

3.2 4.2 5.2
4.5 1.5 2.5 


2.5 3.06.0 	 1'0 1.5 2.0 

Climatic Factora 

Tamperature, light inteusity and rainfall distrubution 

directly affect the soybean perforliance under field conditions. 

Soybean grows best in areas characterized by less rainfall
 

during the wet season and only a short day session. 

A temperature range of 22-300 C appears to be the optLaum 

temperature requiremient, At a fairly low ter.erature, emergence 

occurs late and very slowly, the suedlings are likely to suffer 

froiu the attack of microorganisms and the crop is a poor weaed 

copetitor. On the other hand, 1..gh temperature adversely 

affects groith, grain yield, oil yield and oil quality. 

Light is :)n important factor in phctcsyn0t)ttc activities c 

a soybean plant, Low lt.eaf area index (LAI) allows the light to 

penetrate the lower leaves contributing to the total dry matter 

productior, 1idh LAI reduces lifght -nutration. Under shade 

conditionaj (40-5C0; light rtductiur.), w abortion (28..) and 

occurrinm ti of diseases like powdery uildew and Cercospora are 

observed. 
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Soybean grows best in a humid climate with plenty of rain 

auring une Orowlng season ano a dry weatner during ripening. For 

optimum yield, the total requirement of soybean is 500-700 mr of 

water. Sufficient moisture is very- important in these growth 

stages, namely: germinati6n, floucringo and pod-filling stages. 

In areas of the Philippines where a r,.ht~y season starts toward 

the end o'- ]1ey, planting time should not exceed mid-January to 

cnsure that r-turity and havesi:ing of the crop will not coincide 

with the start of rainy season in Hay.
 

PRODUCTIOI PEQU IRE!3MTS 

Selection of Varieties
 

The desirable characteristics-of varieties to be selected
 

for pl.nting are high bean yield, early maturity, non-seasonality
 

resistance to tolerance to pests and diseases and high adaptabilt
 

to the prevailing soils and climatic conditions in the country.
 

Land Preparation
 

Good land preparation is important in-good seed germination, 

seedling emergence, stand establishmet stages and plant growth 

during the early growing period. 

Under upland nnocultura, the fields are usually plowed
 

and harrowed two or more times when using a carabao-drawn 

plow and harrow. With a tractor pulled or rounted plow and 

harrow, one plowing is enough and two harrowlngsnay be sufficient. 

In rice-based cropping system under rainfed lowland 

conditions, conveitional and zero tillage are commonly practiced. 

In convent ional tillage, the usual number of the plowing and 

harrowings done in upland nonoculture are adopted. In zero 

tillage, no land preparation is done prior to the growing of the
 

next crop. The procedures followcd iALlude (1) drainage of paddy 

at least two or three days before the rice harvest (2) construction
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of shallow drainage canals along levees to improve surface
 

drainae and provent waterlogging and (3) opening a furrow and 

drilling of the seeds. 

Higher net x,,t,:ns due to reduced labor cost 

from - ecro tillage than conventional tilla;e rnly 

be pract ed. hen soil moisture is not limiting, or irrigations 

can be provided, however, conventional method of land preparation
 

can be used.
 

PLANTING 

Tiue. soybean is normally considered as an upland crop. In 

areas where irrigation is limited and soybean is growm under rainfod 

conditions, planting and cultixar selections may be based partly on 

rainfall patterns. In the tropics, soybean is growm in either or both 

upland and paddy followingconditions: xlet season upland, dry season 

rice. In rice-based cropping systems, soybean is grown in either
 

rice-soybean, rice-rice-soybean or rice-soyhean-soybaan,
patterns: 


Soybean,a short-day plant, flowers only when daylength is 

shorter than its critical daylength in the Philippines, the dry season
 

starto in October until the first week of November if enoughplanting 

moisture is available. During wet season, soybean is planted in the
 

later part of May and in the whole of June. 

Rate. The plant population and arrangemnt required to give 

complete ground cover lepend on plant size which is a fraction of 

soybean cultivar and its growing conditions or seasons. 

a 

closer spacings, than those required for tall growin: cultivars. 

Short statured varieties usually produce their highest yields 

In tropical countries, the planting rate reconemdnations for 

early maturing sh'ort ::rowing varieties rrnge froz, 200,C00 to 6.00,000 

plants/ha with row spacing of 3C to 50 cm. In contrast, planting rate 

for late nriturir, . '-!:r vari.t:es range fro.a 200,000 to 400,000 
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Population density requirements depend on the growing season of
 

soybean. In du Philipplnea, seeding rates for early and medium.and la
 

matiring varieties are higher during the dry season and lesser during
 

wet season (Table 3)
 

Table 3. 	Recommeqded seeding rates and planting dates for the
 
Philippine Seedboard Soybean varieties (From PR for
 
Soybean, 1986, in press).
 

PLANTING SEEDING RATE, POPULATiGN; DENSITY 
,0NTII Kg/ha SEIAU,,. _ __ 	 __ __ __ __ _ I PLTS/H ROWY:PLTS/RA 

UPLB Sy -- 2 	May-June 56-60 22 V; 300,00.
 
Oct. or
 
late FeL.. 75-80 22 24 400,000
 

BPI Sy-2 	 ilay-June 56-60 22 18 300,000
 
Oct. or
 
late Feb. 75-80 28 24 400,000
 

Seeds are 	planted 3 to 4 cm deep.
 

WATER NANAGMENT
 

Soybean is reuponslvd to irrigation especially at its
 

reproductive phase. The recommended water depth is 40-60 cm per
 

season. The first irrigation is done after planting. The other
 

remaining 	are applied during the period of blooming to pod-setting.
 

FERTILIZATION 
 . 

Soil analysis is recommended to be done prior to soybean plantin 

to determine the type and rate of fertilizer to use. In the absenbe of 

this procedure and during dry season cropping, the soybean planted ate 

corn or rice is fertilized with three bags amnonium phosphate and ot e 

muriate of potash (24 kg N, 30 kg P205 and 30 kg K20 ) If these fertil. 

are not available, use of 6 bags of complete fertilizer (14-14-.14) can 

t. dene. If seeds are properly inoculated with rhizobia, application of 

30 kg P205/ha and 30 kg K20 may be sufficient. 

The fertilizers are applied evenly in the furrow and covered witt 

2 or 3 cm of fine soil. The seeds are then drilled above die covered 

fertilizers. This practice makes the fertilizer readily available' tb 

voun,, qevdlinq.
 

http:14-14-.14


Agronomy of soybean ....8
 

INOCULATION
 

Soybean is estimated to fix 17-124 kg N/ha/year which is
 

equivalent to 1.7 to 12.4 bags of amuonium sulfate. This wide range
 

indicate;I ifferences in effectiveness or capacity of the symbiotic
 

system to fix nitrogen. In order to assure in getting maximum benefit 

from Lhe! g" :)obia symbionic, inoculation of seeds must be donie 

to put in the right rhizobia to the soybean seed, 

Rhiz:obia can be introduced by seed inoculation or by soil
 

inoculation. Under seed inoculation, three methodls are used, namely. 

dusting, slurry inoculation and seed pelleting. In dusting, the 

inoculgnt is mixed with the seed. This metbod, however, is not 

recommended because mot': of the inoculant falls off from the seed. 

Slurry inoculation involves addit',: water to the inoculant to form a 

slurry and tiixing it with the seeds or the seeds are moistened prior 

to the application of the inoculant. For effective coating, an 

adhesive gum as gum arabic or methyl cellulose is used instead of 

water. Seed peleting has been used to overcome problems i soii 

acidity to protect rhizobia inoculated to dry seeds grown in dry 

soils and to protect inoculated seeds from coming in contact with 

superphosphate. Pelleting is done by coating of the seeds with the 

slurried peat inoculant containing adhesive and then coating the 

moist inoculated seed with finely ground CaC0 3 (300 mesh) or a special 

grade of rock phoopLnte or dolomite. 1The other method, soil. inoculatil 

allows the introducLion of high numbers of rhizobia. It is also 

recommended when seeds are treated with pesticides which rwiy be toxic 

to the rhizobia.
 

The legume inoculant is prepared by mixing a broth culture of
 

Rhizobia with a suitable carrier and incubated for two weeks to have 

a population of approximately 109 cells/g, A mixture of soil, charcoal 

and wood ash is found a suitable carrier. It ig also recommended that 

inoculants should contain 10 to 109 cells/g at the tine of sale. 
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Two 	 weeks afger planting, observations on positive indications 

of 	the success of inoculation are done. 'Te failure of inoculation 

indicated by the yellowI:.;'of the soybean leaves can be caused by any 

of 	 the fol-owing: 

1. 	 The inoculant -may bo ineffective, non-viable or unsuited 

for the variety. 

2. 	The soil condition may be unfavorable.
 

3. 	The soil has a high population of effective and competitive
 

Rhizobia for the legume under cultivation.
 

4. 	 The host ot the bacteria are limited by the lack of some 

nutrients.
 

5. Presence of soil microflora antagonistic to rhizobia.
 

VIEED CONTROL 

The ten most conmonly found weeds of soybean in the Philippines 

are Rottboellia exaltata L.f., lpomoee triloba L., Elcusine indica L., 

Fchincc-Ia colons L., Amhranthus spp., Digitsria app., Commelina 

benghalensis L. Bocrhavia crecta L. Cynodon dactylon, Cyperus 

rotunduc L. and Fortulaca olaraceae. 

The 	cotm.on methods of controlling weeds are. 

1. 	preplant land peparation
 

2. 	 handweeding 

3. 	interrow cultivation
 

a. 	off-barring done 14-18 days after sowing
 

b. 	 hilling up done 26-34 days after sowing 

4. 	mulching with rice straw and other crop resi
 

5. 	chemical control
 

Combinations of some weedicide and cultivation yield results
 

comparable with that of the handweeding (Table 4). 
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Table 4. 	Soybean yield as affected by different wedd control methods
(From Robles, 1985).
 

SIn1o / OF AP5 ICATION YIELD
1IE D-' 	 DAS- (t/ha) 

Ifetibuzin (0.5) + PE + 20 i.47' 
handweeding 

Off.-barrJig + handeedlng 14 + 28 	 1.43 
+ hilling 	up 4 x until 
40 DAS
 

1.42a
Handweeded check 

P1 ,- 20 1.41a

Butralin (3.0) + 


handweed ing 

20 	 1. 24 b
Handwueding 

PE 	 0.96 bW
Metribuzin (0.5) 


Off-barring + hilling up 14 + 28 	 0.92b e 

Unimeeded 	 0.75
 

PE 	 0.88 d 
Butralin (3.0) 

!/in a column means followed ot a cormmon letter are not 

significantly different at 5% level.
 

-/Harbicide 
 rate in Kg ai/ha in parenthesis 

-/DAS- days after sowing: PE - pre-emergence
 

DISEASE CONTROL 

Common soybean diseases found in the Philippines include soybean 

rust (Pha1kopsa pachyrhizi Syn). bacterial pustule (Xanthomonas phaseoli) 

(E.F. Swith) var sojinsis (Hedges) Starr and Burk, soybean mosaic (rod 

like virus), dnmping-off and root and stem rot, blight, wilt (Sclerotiunm 

relfsii, Rizoctonla solani ) (Cercospora kihuchii) (T. Hatsu and 

Tor.oryasu) and auithracnose. 

The moL;t practical and economical disease control measures are 

usu of resistant varieties and sanitation. 



Agronomy of soybean.... 11 

INSECt CONTROL 

Important insect poets of soybean are beanfly (Ophio .irphaseoli)
 

(Tyron), leaf miner (Stomoptery. sub ecievella) (Zoller), coiron cutworms
 

(Spodoptera litura) (Fabriziu), ophia (Apis craiccivora Koch and
 

glycines lt sumura), coffee leaf folder (Hel!covera5 armiera lubner), 

corn semi-looper (('%r ihv :b-zI chalcites) ('spur), beau pod borer 

(aaruca tetulaliv (U;_ ), heat. lycacuid (Catochry sops cncjua Fabricius) 

and leafhopp2r: ( c,.c_ bi-itula (,;hluda),c 

Thu comrr.oi way of controlling then is by use of chemicals 

recommended by tI mianufacturer6. Exawplu In Azodrin 20211 (2 tbop/20 1) 

for control of beanfly, leafminer, aphids, leaffolders, and ccron 

cutworm. 

HARVESTING 

Soybean is harvested when thu ]eavua have fallen off and pods 

are fully dry (about 89 days after planting during the dry season). 

It may bc harvested iy cutting the stalk at tho base and by mechanical 

harvesting in highly cons 2rcitlized farms. 

OTHERS 

Soybean Pilot Production Program.
 

This program waa launched on D,.ccrber 1983 by PCARRD, 

UPLB, CLSU and HIAF with financing by NSTA to boost thu national 

soybean prodiction. In general, its objectivs are (1) to 

identify and assess additional potential areas for the 

cormvrcial planting of soybean, (2) to promote the conio.orcial 

planting at soybean in areas with couparative advantage over 

other traditional crops (3) to evaluate the npplicability of 

current soybean production t ,chnulo ir, under various agro

climatic un'vironmm ts. 

The four major activities -f the prograi involve (1) seed 

production/multiplication, (2) piluting of soybean production 

technologies for post-rice uoybean monoculture and corn-soybean 

S ,1 ,,c 

http:comrr.oi
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POT/Fac.kge 6f' Tehnology 

The program is basically a one-crop-one season activity
 

using the recosimended package of technology (POT) for soybeans.
 

Under favorable conditions, this POT is estimated to produce
 

1.25-2.00 La.t. soybeans/ha. Generally, the POT uses introduced
 

-
le .- ,, "ybcar. And good 

quality seeds, is designed for dry season cropping Jn areas with 

complete or partial irrigation, uses inoculants either singly or 

in combination ,ith inorganic fertilizers and works well under 

light--to-medium textured soil with a pil 5..-6.5. 

and/or div- itiiidf, varicties 

lT1 average yield por hectare increased from 678.12 kg in 

1983-84 to 825.03 kg in 1984-85 (Table 5). Although the yields 

were still way below its potential and itre unstable, soybean 

production in the two pilot sites, continue to slowly grain 

headway in becoming an important cormonent of he area's existing 

croppin-, systems. Planting soybeanr after rice at the end of 

the rainy season has been constantly drawing favorable response
 

from many farriers' group.
 

Table 5. Avernge yield (kg/h,)cf ooybeans in two locations, 
1983-84 nnd 1984-85 croppings. 

POOT VJd*, I"EAM YIELD/HECTARE (Kg/Hla) 

DRY -EASON 193-1984 iDRY SEASON 1984-1985 

Nueva Ecija 1,173.80 832.85
 

Cagayan 191.60 790.18
 

AVERAGE 688-12 825.03
 

Generally, soybean yield in Nueva Ecija wits consistently 

higher than thorc-, obtained in Cajnynr due to the greater 

availability of Irrigatioun water during the growing period of 

soybeans. However, clie cost of production in Cagayan was cheaper 

by 421' (Table 6), The difference .lius in lower labor cost and 

land rental and lesser application of chemicals, fertilizers and 

irriga ion water in Cagayan, Concequently. Cagayan Farmers recieved 
I "1". ... r5,ry , 


http:1,173.80
http:1.25-2.00
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Table 6. The average costs and returns per hectare of ooyboans in
 
Nueva Ecija and Cojayen, DS 1984-85 

I T E3 1i1 NUEVA ECIJA 

GROSS INCOH (US W).8 


Average yleld/(g,/ha) 832.85 


- Average buying price/ 0.52 

kg (US $) 

COST OF PRODUCTION (US $) 06.78 

Variable Costs
 

Labor 86.55 
Seeds 28.28 

Fertilizer 53.94 

Chemicals 33.67 

Irrigation 22.67 


- Fixed Costs 

Laiid ren:al 71.56 
Deprecisl:ion 6.67 
Interest on loan 3..4 

NET INCOME (;'i $) 126.-0 
RETURN 01-7"XVESMENT C%). 

COST PER KILO (US 37.) 

BREAKEVEI YIELD (KG/H) 590 

CAGAYAN AVERAGE 

!26,10 4_2A02
 

790.16 325.03
 

0.54 0.52
 

177.73 278.24
 

64.29 02.52 
23.00 27.30
 
47.00 47.76
 
11.00 29.51
 
0 18.49
 

23.39 62.73
 
3.97 7.13
 
0 2.00
 

248.97 150A22
 
W , 3
 

022 0.34 
53.
 

*Estimated current landed cost of raw U.S. soybeans - US $0.32/kg.
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THE AGRONOMIC AND CULTURAL PRACTICES OF T)E OIL PALM 
(Elaeis guineensis) IN KAAYSIA-

HEW CHOY KEAN
 
Plantek (M) Sdn Berhad
 
Malaysia
 

HISTORY OF INTRODUCTION AND CULTIVATION OF OIL PALM IN MALAYSIA 

Growing and pldnting of oil palms in South East Asia (Far East)
 

started with the introduction of four seedlings from Reunion and
 

Holland into Jaws in 1848. 
 From these four seedlings planted at the
 

Botanic garden in Bogor, the oil palm (Elaeis guineensis) spread
 

through Jaws (Banja tas) and Sumatra (Deli) tc lialaysia in 1911-17.
 

Commercial planting of oil palm commenced in the late 1930's (1938)
 

with about 30,000 ha planted mainly in West Coast of Peninsular Malaysia
 

Expansion of oil palm planting in Kilavia started after the Second
 

World War and achieved tremendous momentum from 1960. 
The extent of
 

cultivation of oil palm in Malaysia is shown in Table 1.
 

ORIGIN AND NATURAL HABITAT
 

The type of oil palm introduced and planted is the Elaeis
 

guineensis which is native to Central West Africa; 
in Nigeria, Zaire,
 

Cameroon, Equatorial Guinea, Guinea, Ghana, Ivory Coast and Angolia.
 

In Africa, the fresh water swamps and river floodplains have
 
been suggested as the natural habitat for the oil palm which cannot
 

tolerate permanent flooding or stagnant water but appears to be
 

tolerant of fluctuating water table anti moving water in riverine
 

alluvials. However, it has also been noted that oil palm, probably
 

due to nmn's doing 
also grows in forest fringeb or in forest areas
 

which have been cleared for cultivation.
 

The oil palm, mainly by tho act of man, has now a wide distribution
 

and can now be found in almost all the equatorial countries in the World.
 

Within 70 
of the equator and in sone exceptional areas at higher altitudes,
 

the typical African oil palm (Elaeis guinnensis) has been cultivated
 

fairly extensively.
 

I/Lecture for the XIV Interntional Forum on Soil Taxonomy and Agro

technology Trennfer, Philippines, ?Mrch 3-20, 1986.
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Table 1. Planted Area Under Oil Palm In Peninsula Malaysia (In Hectares)
 

Y E A R 

1960 


1961 


1962 


1963 


1964 


1965 


1966 


1967 


1968 


"1969 


1970 


1971 


1972 


1973 


1974 


1975 


1976 


1977 


1978 


1979 


1980 


1981 


1982 


Note: (0) -Estimates 


MATURE 

40,024 


43,302 


46,175 


49,073 


52,436 


58,544 


65,860 


74,992 


92,104 


115,386 


138,902 


169,482 


208,129 


250,333 


290,291 


340,971 


403,157 


490,676 


348,400 


382,700 


407,800 


440,400 


470,800 


TOTAL 
IMLTURE ' PLANTED 

14,610 54,634
 

13,841 '57,143
 

15,904 62,079
 

21,957 71,030
 

30,764 83,200
 

38,403 96,947
 

56,843 122,703
 

78,618 153,610
 

98,661 190,765
 

115,790 231,176
 

122,297 261,199
 

124,667 294,149
 

140,612 348,741
 

161,732 412,070
 

209,953 500,244
 

227,799 568,770
 

234,460 637,617
 

221,326 712,002
 

90,500 438,900
 

80,700 463,400
 

87,600 495,400
 

110,600 551,000
 

103,800 574,600
 

Source: 1. Dept. of Statistics
 

2. MOPGC
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In MHalaysia, the oil palm has been planted as commercial groves 
(smallholder) and on plantations from the coastal plans to the hills 

and sometimes mountain, on all kinds of soils and terrain, but the
 

coastal plan with riverine and marind alluvials are the preferred 

situation and location.
 

BOTANICAL CHARACTERISTICS ±lD TYPES 

The oil palm is a large feather-palm having a single columnar trunk
 

(stem) with shiort internodes. It is quite like a coconut palm but can be 
distinguished from the coconut palm t) Lhe much larger number of leaves 

with pointing leaflets and persistent leaf bases which are closely
 

adherent to the trunk (stem) during the first 10 to 15 years 
of its life. 

The palm is normally monoecious with male or female but sometimes
 

hermaphrodite inflorescences 
borne on short stalks (compared to the 

coconut inflorescence), 
in the axils of the loaves. Each leaf normally
 

subtends an inflorescence in its 
 it± and there are about 50 leaves on
 

the palm.
 

The stem (trunk) is usually straight and upright except in soils
 

which provide poor anchorage, as -indeep peat or 
organic clay/muck.
 

The trunk, depending on the variety, normally grows 
 about 40 to 60 cm in
 

a year.
 

Leaves are borne and arranged in two sets of spirals or 

parastiches (phyllotaxis) to 
the stem; eight running in one way and
 

thirteen in the other. 
Such arrangement (or phyllotaxis) is described
 

as (8 + 13). 
 This is well shown in the pruned trunk. The spiral can
 

be left or right handed. Leaves are persistent and normally adhere
 

to the trunk until after 10-12 years when the bases become rotten and 

decayed. 
Number of leaves produced increases between 30 to 40 at
 

5-6 years, thereafter decline to about 25 per annum.
 

The roots of the oil palm are 
fibrous and adventitious. Roots
 

are of four sizes; the primary (5-10 mn), secondary (1-4 m), tertiary
 

(0.5-1.5 mm) and quarternary (0.2-0.5 m). 
The primary root'anre mainly
 

anchorage and grow either vertically or horizontally. Secondaries arise
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from primaries, and the tertiaries from the secondaries. The tertiaries 

and quarternaries are feeding roots and ramify the soil surface in the
 

upper topsoil. Density of roots in the top 40 cm of soil usually 

decreases with distance from the palm and root may extend to over 10 m. 

The greatest quantity of roots is in the top 15-30 cm and within a 

radius of 3.0 m. 

Roots of all classes respond to environmental condition or
 

cultural practices and grow towards water and nutrient supplies.
 

Hance, density of roots (all classes) is greatest in fertilizer
 

application zone, leave/frond heaps or under good leguminous covers
 

(diagram or root distribution).
 

The inflorescence is a compound spike or spadix and the 

flowers, male or female, are borne on the spikelets or spadix. The 

inflorescence has a stout stalk or peduncie about 45 cm long and
 

spikelets are also arranged spirally around the rachies. There are
 

several thousands of female flowers and tens of thousand of male
 

flowers in an inflorescence.
 

The fruit is a socisile drupe varying in shape from nearly
 

spherical to ovoid or elongatad. Fruits consist of outer exocarp
 

(or skin) and mesocarp containing fibres, moisture, solid and fats,
 

oil protein, gums, carotenoids etc. and endocarp (shell) of lignified
 

material enclosing the kernel. Accordinp to the pigments in the
 

exocarp during ripening, the fruit types are named nigrescens (black
 

to orange red), virccens (green to light orange), albecens (ivory to pale
 

yellow). There are also intergrades - rutilo, rubro ni!,rescens, albo-

nigrescens and albo-virescens. According to the thickness of the shell,
 

the fruits haW been classed into 3 varieties.
 

Dura - thick shelled, 2-8 m and no fib:e ring.
 

Tenera - intermediate thick shelled, 0.5-4.0 mm, thick fibre ring
 

Pisifera - shell-less, fibre ring may be present.
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Commercially, planted varieties were, until recently (after
 

1960), Duras or mixed Duras and Teneras. After 1960, mainly Teneras,
 

which is a hybrid between Dura and Pisifera were planted.
 

Recently, interests on the other oil palm species have increasei 

due to its slow growth in height. The American oil palm, Elneis 

oleifera, which is native to Latin (Central) and South lumrica; Mexico 

Honduras, Guatemala, Panama, Guiana, Costa Rica, Surinam, Brazil and
 

Columbia is more tolerant to diseases and has higher content of 

unsaturated fatty acid. 
These palms have been called E. melanococca,
 

Corozo oleifern or Alfonsia oleifera. They differ from E. guineensis
 

in having coiling and recumbent slow growing trunks, thick set and 

largpr leaves and smaller fruits, but nuch larger bunches/inflorescencc
 

with 	persistent sheaths or spathes. Their natural habitat is also
 

similar to that of the E. guineensis? in damp and swampy situations
 

or riverbanks (slide showing E. oleifera). Of interest is the inter

specific hybrid of this oleifera with guineensis which partakes the
 

characters and morphologies of both parents (slide showing hybrids).
 

ENVIRONMENT: CIlMATB AND SOILS 

The oil palm is grown in regions differing widely in the 

climatic arnf .oil conditions; from drought stricken areas with 

marked, extended dry season of 2 to 4 months and annual rainfall
 

of less than 1300 mm in Africa, to areas with well distributed
 

rainfall exceeding 5000 mm and no dry season or drought (South East
 

Asia and South America), and on sands to heavy coastal alluvialeclays
 

and on soils formed of basalt or fresh (relatively) volcanic material
 

(pumice and ash in Papua New Guinea). However, areas with the
 

highest productions have the following climatic features.
 

i. 	A rainfall of 2000 mm (80 ins) or more evenly distributed
 

through the year with no very ,mrk,_d dry season.
 

0
ii. 	 A mean maximum temporature of about 290 -33oC (85 -90*F) and 

a mean minimum temperature of about 22 0-24*C (720-750F). 
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iii. 	Constant sunshine amounting to at least 5.0 hours per
 

day in all months of the year, rising to 7.0 hours in
 

some months.
 

Of these climatic factors or pramaters, the most important is the
 

distribution and amount of rainfall/precipitation and the annual water
 

deficit, resulting from the interactions of these climatic factors and
 

soil characteristics. The general relationship between water deficit
 

and bunch yield in Africa (Ivory Coast) is shown in the following
 

Figure 1.
 

Fig. 1. Relation between the annual water deficit and
 
bunch production on Class 1 soils (I.R.II.O.)
 

More direct relationship of rainfall on yield and production
 

of bunches has been investigated. Several models, incorporating the
 

climatic parameters and the yield components, have been examined and
 

proposed. foro recently in Malaysia, partial correlation analysis
 

has been used todetermine relationship between oil palm bunch
 

yields and changes in rainfall and dry spell3 . It has been found
 

using this approach (Exploratory identification analysis), that bunch
 

yields are associated with rainfall 16-18 months and 22-23 months
 

previous, and dry spell at 29-30 months previous. Bunch yields is
 ep-



Figure 1. Relation between the annual water 
bunch production on Class I soils 
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negatively correlated with rainfall 16-18 months previous but
 

positively correlated with rainfall at 22-23 months previous and
 

with dry spell 29-30 months previous. Although the correlation
 

coefficients (about 0.50) of these relationsnips were calculated,
 

the yields were not predicted and the study on the function has yet
 

to be completed.
 

The oil palm has been cultivated and planted on a wide range of
 

soils, ranging from loamy sand to heavy clays and fairly deep peat
 

and on various slopesl from flat or even depressional land to hilly
 

areas with slopes greater than 250. 
 In Malaysia, in order to reduce
 

cost of establishment and to minimize the difficultie3 
of harvesting,
 

and erosion hazards, cultivation of oil palm is not recommended on
 

slopes greater than 15'. 
 It has also been observed that physical
 

soil properties, like depth, texture and structure, are more important
 

in deciding or determining the suitability of the soils for oil palm
 

planting, as these affect the anchorage and penetration of the root
 

(root growth/development) and the water and nutrient retention
 

capacity of the soils.
 

In Malaysia, the recent marine and riverine clays, sub-recent
 

alluvials and a wide range of sedentary soils derived from igneous
 

and sedimentary rocks are found to be quite suitable for the cultivation
 

of oil palm. 
On the other hand, soils with hardpan or plinthite
 

(lateritic) near the surface, poor drainage and acid sulphate condition
 

and organic soils and sands have been considered unsuitable and should
 

be avoided. Experiments have been carried out by planting oil palm on
 

these soils with these serious limitations, and growth and yields have
 

not been satisfactory without any Input to ameliorate and improve
 

these limiting conditions.
 

The yields and growth of oil palm on three of these soils in
 

Malaysia, have been compared and are shown in Fig. 2.
 



40. 

35 

30 

II 

u r 

4p* 

+e 9S 

It AI. \ ropoaq;ULIe~ 

"f+ipo smn 

Yi. q tred foipiI.io 

Y . ![.,N 

di'fkrcn I tImt 

" rooa.\I 

aou 

5, r 

3 

Yie ld trend o f o ilI p ,111.1 

Sou~rce: AL.Lpted from N~it: 

d itf-F relt so il 

ud fo n ( 9 ., 

t~ .pes 



The3 agronomic and cultural... 9 

Over the last decade or so, attempts and efforts have been mace 

to improve the cultivation or growing of oil palm in these loss
 

favourable soils; the organic soil (peat deeper than 
 1.0 m), acid
 

sulphate soils and the lateritic 
soils. Methods and measures 

employed include the following:
 

On deep pent greater than 1.0 m - Pre drainage and intensify
 

drainage followed by compaction and consolidation of the organic
 

matter using compacting machines or neavy roller. 
After planting
 

with oil palm, we and application of fertilizers including those
 

containing trace elements, mainly copper and iron, are liberally
 

applied. In some places, application of lime or limestone dust is
 

also made to improve and enhance or accelerate decomposition and
 

mineralization of the organic matter. 
Foliar applications of trace
 

element solution were also found to be quite effective for correction
 

of such deficiencies on younger palms.
 

On acid sulphate or potential acid sulphate (Para acid sulphate)
 

soils, control of excessive drainage and maintenance of the water table
 

above the oxidntion 
zone, together with the application of alkaline
 

fertilizers or 
liing have been found to be successful and effective
 

amelioration methods for the oil palm growing Un these soils. 

On the lateritic soil and sands, rulching with enpty bunches or
 

other vegetative or plant materials have beain tried. Nore recently, 

use of palm oil mill and rubber factor)- effluents have becn tried an-1 

investigations on their uses on thoso soils are beint: continued with 

incrtasing interest. Results so far appear to h quite encouraging.
 

PLANTING OF OIL PALIM AND IIUSBAIDR' PRACTICES 

It in convenient to divide the cultivation and planting practices
 

of oil palm into two acpects viz.
 

i. Nursery establishment 

Ii. Field planting
 



The agronomic and cultural...10
 

i, Nursery Establishment
 . 


Nowadays, this involves the planting of germinated
 

seeds into black, perforated polybaps, usually of size 37.5
 

x 45.0 cm layflat. If the site is selected, usually on level
 

source (a river/
or gently sloping terrain and near a water 

stream) and space is available, the germinated oil palm 

normally at 5-7 days of germination, are plantedseeds, 

directly into these polybags. If space is limited, or the
 

nursery site has not been prepared in advance, then a
 

cm can be pre-nursery of sall polybags of size 15.0 x 22.5 

established, and the seedlings after 10-12 weeks in this 

pre-nursery are then transferred (transplanted) into the 

larger (37.5 x 45.0 m) polybags where they can remain for 

using (Nipa)another 9 to 12 months. Temporary shade attap 

leaves or nylon netting is usually provided over these
 

polybags for about 10-12 weeks, after which the shade is
 

removed. 
The seedlings are watered in large nurseries with
 

overhead sprinkler irrigation installed prior to the planting
 

the nursery site has been
of the germinated seeds, and afte3r 

About 10-25 mm of water are applied tvice dailyprepared. 

to the seedlings. In some nurseries, the water is applied
 

from extended rubber or plastic hose fitted with a shower
 

head. This is a more temporary measure.
 

About 10-12 weeks in the nursery, thinning or regueing 

of the abnormal and r'nty seedlings is carried out. The 

abnormal and runty seedlings tually could be easily identified 

growth habits. Theby their nbnormil forms and peculiar 

seedlings are naintained in the nursery for about 10-12 months 

before they are removed for planting in the field. Prior to 

their removal for field planting, usually another round of 

remove abnormal and runty seedlings is carriedthinning to 


out. In well established and maintnined nurseries, such
 

abnormal and runty seedlings should not be more than 15%.
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Besides watering, maintenance and care of the seedlings 

in the nursery., include manuring and pest/disease control and 

upkeep of the ground cover. Usually the seedlings in polybags
 

are triangular spaced at a distance of 75 cm. Weeds in the
 

ground and in the polybags are regularly removed, usually
 

manually in the earlier months, st monthly intervals. In a
 

well grown and maintained nursery, disease incidences are
 

usually very low and prophylactic sprayings are not necessary.
 

Hovever, insect pests are more common, especially the
 

cockchafer beetles, and may require spraying for control.
 

Some of the more common diseases in the nurseries are:
 

a. Blast diseases - Phythlum and Rhizotonia
 

b. Curvularia leaf blight
 

c. Anthracnose - Botryodiplodia
 

d. Corticium leaf rot
 

These diseases would normally be controlled with
 

fungicidal sprayings comnonly Thiram, Thibenzole, Captan
 

etc.
 

The more common insect pests are:
 

a. Cockchafer beetles - Apogonia and Adoretus
 

b. Red spider mites - Tetranychus
 

c. Aphids
 

d. Crickets and grasshoppers
 

These insects are-usually controlled with insect

icidal sprayings, commonly dieldrex, dipterex, Thiodan,
 

loger, Bidrin etc.
 

In properly maintained nursery, nutrient deficiencies
 

soldo. accur. However, in nursery whera sandy soils have
 

)een used to fill polybags. the more common deficiencies
 

ire those of nitrogen, potassium, magnesium and occasionally
 



The agronomic and cultural...12
 

boron. Occasionally, toxicity symptoms, due to heavy and
 

excessive fertilizer applications, also occur., The
 

nutrient requirements and their levels for the seedlings
 

in polybag nurseries are shown in Tables 2 and 3 and the
 

common manuring prcgrammes using fertilizer compounds, is
 

shown in Table 4. In a well maintained polybag nursery,
 

seedlings are normally well grown for planting out at 

10-12 months. 

FIELD PLANTING
 

Field planting includes the following:
 

i. Land preparation 

ii. Construction of terraces (in hilly terrain), drians (in flat 

alluvial and swampy situation) and roads and bridges. 

iii. Establishment of leguminous cover crops (L.C.C.) 

iv. Lining and planting
 

i. Ln d Preparation 

Methods of land preparation involving clearing and
 

cultivation of land commonly depend m the types and density
 

of the vegetation/crops grown or existing, and the soils
 

and terrain of the land. The vegetation to be cleard may
 

be natural, like primary and sacondary jungles or lowland
 

forests or belukar or planted with perennial crops like
 

rubber, oil palm, coconuts or shorter term crops like abaca.
 

Planting ex-jungle, lowland forest or belukar is normally
 

referred to as new planting while planting of ex-rubber, oil
 

palm, coconut and other crops, as replanting.
 

In new planting, the natural vegetation or timber/
 

shrubs are first slashed (under-brushing), then felled and
 

stacked and burnt in the drier season, about 6-8 weeks after
 

felling. Sometimes restacking and reburning may be carriod 

out if the initial burn has not been satisfactory. After 
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Table 2. li-ean Nutrient Concertratior in Oil Palm Seedlings at 8 and 14 Months 

(Nutrients expressed as % of dry matter) 

I " # I I I I..I 1 ' 

8 tchs 14 mths 8 ntls 14 mths : 8 mts 14 mtbs1t 8 mths 14 mths I 8 nths 14 mths 

Rengam 1.44 0.94 0.20 0.18 1.53 1.22 0.26 0.25 3.20 0j23 

Munchong I. I 1.15 0.19 0.20 1.54 1.31 0.24 0.26 3.18 0.23 

Serdang 1.44 1.08 0.20 0.21 1.43 1.33 0.25 0.22 0.20 0.26 

No kiserIte 1.54 1.07 0.20 0.18 1.53 1.22 0.14 0.11 0.23 0.29 

5 oz kieserite 1.L.6 1.05 0.19 0.21 1.47 1.33 0.37 0.37 0.15 0.19 
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Table 3. Average quantiries of major nutrients in oil palm seedlings (gin) 

AGE MONTHS ,I 148 NTSINCREMENT
8 MONTHSHS
 

AMOUNT PFR SEEDLING (gn) 

N 2.18 5.16 2.98 

P 0.26 0.88 	 0.62 
6.04 	 4,17
 

Mg 0.34 V.11 0.77
 

Ca 0.26 1.11 0.85
 

K 	 1.87 


Table 4. 	Manuring schedule for polybag nursery with (A) inland and (B) coastal soil.
 

Quantities of fertilizers in gm/seedling.
 
'1 DOUBLE ' I'RIATE O 

KIESERITE
GROTH STAGE NITRO 26 ' D ET 
O 	 SUPERPHOSPHATE POTASH 

Before 2 leaf stage 	 No fertilizer
 

2 leaf to 4th month 	 185 gi Nitrophocka yellow or ammonium phosphate in 4.5 

litre water at 115 cc per seedling at weekly intervals
 

(A) 	 (B) (A) (B) (A) (B) (A) (B)
 

- 3.5 3.5 ....5 months 3.5 

----3.5 	 .6 months 3.5 


3.5 	 7.1 3.5 3.5 3.5
7 months 7.1 3.5 3.5 

3.5 	 3.58 months 14.2 7.1 -. - 7.1 3.5 

T 0 T A L 28.3 14.1 7.0 7.0 14.2 7.0 7.0 7.0 

7.1 	 7.1 3.5 7.1 7.1 3.59 months 14.2 7.1 
-----10 months 


11 months 14.2 14.2 7.1 3.5 14.2 7.1 7.1 3.5 
-----12 months 


-	 .--
13 months 
 -- 14.2 7.1 14.2 14 months 14.2 

31.9 	 21.3 14.2 7.0GRAND TOTAL 42.6 35.5 14.2 10.6 

rpX 
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burning, roads and terraces and erosion control bunds or
 

structures are constructed. Usually felling of the timber is 

done by powered chainsaw and stacking and heaping done by 

machines (bulldozer). The constructi6n of roads, terraces and
 

soil erosion control structures (where slopes exceed 10-12*) 

is undertaken by machines also. Usnally these operations take
 

about 5-6 months to complete, and weather conditions at the
 

time of felling and burning will be critical. 

In replanting, the old stands of rubber, oil palm or 

coconut, are usually destumped and felled by up-rooting with
 

machines/bullduzers. The trunks or stems may then be sawn
 

or cut into sualler lc-ngtlis stacked in heaps or in rows, and
 

burnt. The old stands of oil palm may be poisoned with
 

sodium arsenite (previously), or paraquat, Prior to destumping
 

and burn.cg Up-rooting or dastumping of ciLl palm and coconut
 

appears to be advantageous because of the more complete or
 

better destruction d the bole ind roots, which are substrates 

for the colonization of Ganodorma root disease organisms and
 

breeding of the rhinoceros beetles (Oryctes), which are
 

serious pests on young oil palms in replantings. In more
 

hilly terrain, where destumpinR Lay not be worthwhile or
 

convenient, trees or palms are felled by chainsaw as close
 

to the ground no possible. For the destumping of the old
 

stanJ, mechanical aid in the form of winches are also
s 


employed to pull out the bole3/stumps. Trunks and stumps
 

of coconut and oil palm are usually cut into shorter lengths
 

split, stacked and burnt. 

On heavy clay alluvial zoils, mechanical operations
 

in clearing and destumping may cause soil compaction and it
 

may be necessary to cross plough and harrow the field in
 

,order to imprqve the tilth and at the same time break up the 

root system of the palm.
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ii. Drainage, Terracing-and Roads
 

soils and other soils of poor and impededOn.Alluvial 

drainage which are subjeated tp periodic flooding, it is 

always necessary to improve drainage and aeration. In
 

Peninsular Malaysia, satisfactory drainage can be obtained
 

pn marine clays by spacing main drain (5.0 x 1.0 3.0 m)x 

at about 1320 m apart with sub or secondary drains (3.0 x
 

1.0 x 2.0 or 1.5 x 0.5 x 1.5 m) running at right angles to
 

the main drains at 350-400 m intervals.
 

On shallow peat, less than 90 cm, a system of smaller
 

drains, about 1.0 m deep and spaced at intervals of two to 

four palm rows, has been found to be more advantageous than
 

a system of deep drains dug at every eight palm row, to
 

avced rapid shrinkage and accelerated and sometimes
 

irreversible drying.
 

On undulating and hilly terrain with slope greater
 

than 12, terracing is necessary. Terraces are usually
 

3-4 m wide and spaced at 10 m apart, supporting a density 

of 140 palms per hectare. On steeper slopes and on shallow
 

soils, terracinC may be hazardous and less desirable, as
 

the parent rocks or materials (especially sandstone,
 

quartzite or conglomerates) may be exposed. In these areas 

of lithic soils (lithosols), large platforms (2.25 x 3.00 m) 

for palm planting should preferably be made together with
 

other soil erosion control structures like silt pits/bunds.
 

Ncwrae7s, an officient road system',Ir transport of 

fruits and communication is absolutely necessary and should
 

be well planned and designed. A general requirement is
 

about 90 m of road per hectare of planted field. This
 

requirement may be increased or decreased according to 

the terrain and physiographic features and the proximity 

of the mill/factory. denerally, the more hilly and more 
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dissected the terrain, the grenter will be the requiromen
 

for ronds, in some cases, up to double the amount.
 

On peat, although the general intensity of the roa
 

may be maintained,,-the costs of their construction are 

greater because of the larger requirement for ballast, 

stones or other surface and consolidatIng materials. 

iii. Establishment of Leguminous Cover Crops
 

The planting and establishment of loguminou8s cover 

crops is a well recognized and adopted cultural practice 

in oil palm cultivation becausc of the substantial beneficial 

effects from these leguminots covers. Growth and crop yield 

have both been substantially ircreased with the planting of 

these leguines. This is sho~m in the results of experiments 

comparing the various ground covers in Table 5. Even on 

relatively fertile coastal clay, kueraria and Centroseia 

covers gave more than 6% hiher yields than grasbes over 

4 3/4 years of harvesting. I'uch larger responses have 

been obtained with these covers in plantings on inland soils. 

Table 5. Effects of covern on fruit bunch production over 2 - 7k
 
years of young palms on marine ciay (t/ha) 

, wimWITH -AS KO 
T 

OF LEGUME COVER PLOT 
WITH

FETILIZER ET E ERTILIZER FERTILIZER 

Grass 110.8 110.9 92.4 92.5 

Mikania 106.5 88.894.1 78.8
 

Nephrolepsis 116.7 103.3 97.3 86.1
 
Pueraria-Centrosema 119.9 117.8 100 98.2
 

The mixture of leguminous covers which Are commouly 

being planted are 

Puereria phaseoloides 2.0 kg/ha 

Calopogonium caeruleurc, 1.0 kg/ha
 

Calopogonium muoncoilds 1.5 kg/ha
 

Centrosenz pubescens 0.5 kg/ha 

5.0 kg/ha 
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These legumes are usually sown in drills spaced at
 

1.5-1.8 m apart, between the palm rows, with additional
 

drills sown at right angle to these drills. On contoured
 

(latid,'the seeds are sown between terraces. Seeds are
 

usually pre-heated or scarified and mixed with rock
 

phosphate (usually CIRP) and inoculated with-Rhizobium,
 

(10 gm to 10 kg seed) before sowing. The germinating L.C.C.
 

are kept W.d free by dlAan waeding either manually or with
 

herbicidal sprayings (recently) at fortnightly intervals
 

initially for the first three months, after which they are
 

*weded at moithly intervals until they are fully established.
 

To encourage their establishment and development, the
 

L.C.C. are normally manured with a starter dose of compound
 

fertilizer (nitrophosl~a 15:15:6-4), two-three weeks after
 

germination, at the rate of 30 gm per 6 m drill, and at a
 

rate of 60 kg/ha, of rock phosphate (boradcasted) 3 and
 

6 months after sowing. Further applications of rock
 

phosphate at rates of 150-250 kg/ha are made at annual
 

intervals for the subsequent two years.
 

Insect damages on germinating drills of the L.C.C.
 

and during subsequent years after initial establishment may
 

be quite serious, especially in new plantings (probably due
 

to starvation of the insects after burning of the vegetation).
 

Most common of these are the caterpillars (Lamprosema),
 

beetles (Pagria, Epilachna) and grasshoppers. Snails and
 

slugs can also cause severe defoliation damages. The
 

caterpillars, beetles and Uasshoppers may be controlled with
 

the comion insecticides, Bidrin, Servin (Carbaryl) and other
 

chlorinated hydrocarbons, while snails and slugs can be
 

controlled with metaldehyde baits at 25 kg/ha.
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Diseasescf the L.C.C. are usually 1030 common.
 

Rhizoctonia solani 
seems to attac Puereria and
 

Calopogonium mor. often during prolonged wet weather.
 

Qontrol measure involves spraying affected patches with
 

0.2% ferbam 	or Thiram.
 

iv. 	 Field Planting
 

The seedlings are normally field planted at the age
 

of 12-14 months when two-stage nursery Is used, and 10-12
 

months when 	a single-st'age nursery (planted 'directly into
 

large polybags) is used. 
A final round of rogueing and
 

removing of abnormal and runt seedlings is usually carried
 

out prior to field planting. These seedlings may be
 

lightly pruned to facilitate their 'lifting and loading onto
 

vehicles and plantings in the field.
 

Holes ao large as or.ulightly larger than the size
 

of polybags are dug before planting the seedlings is them.
 

About 200 gm of rock phosphate, usually CIRP, are first
 

applied into the planting holes. The seedlings are then
 

placed upright in the holes, the polybags arc then split 

and the polythene removed and the holes are then filled
 

with soil until the palm bulbs are level with the ground.
 

The soil beneath is consolidated fairly firmly and the top
 

(surface) should be more firmly packed. 
The polythene
 

(of the polybag) may sometimes be plazced around the palms, 

to serve as 	mulch and as a mark of planting.
 

In the fields, the seedlings are normally planted at
 

a density of 148 per hectare. The fields are lined at a
 

triangular spacing or system prior to planting,. ald each
 

planting point is marked with a 
bamboo stick, which is
 

usually top/tip painted (red or white) for easy aligning and
 

checking.
 

.. ' 
 €,
 

,-*))
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In recentyears, increauing attention has been given 

to the density and stand of palms after maturity. Ithas
 

been observed that some planting materials, under more 

favourable environmental conditions or better standards
 

of management and maintennnce, showed marked differential 

growth at the density of 148 palms per hectare. Inter palm
 

competition with these planting materials becomes evident 

at 8 or 9 years after planting, and trunk etiolation and 

reduction of crcp become increasingly severe after the 

12th to 13th year. It has become increasingly apparent 

that it will be necessary to study in much greater detail 

the interaction of density and environment and genetic
 

materials, and the adaptation of various genetic materials
 

to varying environmental conditions in space and time. For
 

the time being, it would appear that the optimal density of 

oil palm under more favourabl6 environmental condition and
 

better maintenance in Malaysia may fall below 130 palms per
 

hectare after the 14th to 15th year of planting.
 

CULTURAL/AGRONOMIC PRACTICES 

Operations after planting of the seedlings in the field are
 

normally considered as husbandry, and main cultural practices in the 

oil palm plaxtation are:
 

a. bieed Control
 

b. Pest/Disease Control
 

c. Ablation
 

d. Assisted Pollination
 

e. Pruning
 

f. Harvesting
 

g. Manurinf, 

a., Weed Control 

This is to establish and maintain a ground cover
 

condition or system which is most conducive and favourable 

to the establishment and growth of the oil palms. In 1 
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Malaysia, this means the care and up-l~ep of the planted 

leguminous cover crops, removing allco ttve eds
 

amongst the 'award' in the initialyears (about 4 years) 

and eradicating all noxious, coarse and'competitive weeds 
(grasses, woody and herbaceous plants and creepers) in the
 

subsequent years. 
 Some of the more common noxious and
 

competitive weeds are the liaperata cylindrica, Ischaemum 

spp., Panicu,1nodosum, liikania scandans, Eupatorium odoratum,
 

Helastoma spp. and Clademia spp. 
These weeds are usually
 

controlledLy spraying with various appropriate typos of
 

herbicides that are well represented.
 

Some of the corion herbicides used are dalapon,
 

glyphosate, 2,4 D-aiaine, HSI.ft, diuron, paraquat (granoxone) 

and sodium chlorate. In cocktail mixture or in sequential
 

prograunes, these herbicides have been used to control
 

weeds in the palm circles (usually 1.G-1.5 m radius) and 

harvester paths (1.5-2.0 m width), roads and drains (side)
 

and in ,elective spraying programmes to remove the most
 

noxious weeds normally in the first 2 years after field
 

planting and in fields in which leguminous cover crops
 

have been established. The palm circles are kept clean 

and weed free by monthly to bimonthly manual weeding. 

Subsequently, the palm circles are maintained with
 

herbicidal spraying and the vegetatlon in the interrows
 

or avenues are controlled by selective spraying or weeding
 

to remove the more competitive weeds and woody plants.
 

In recent years, interests have been generated in
 

theuse of biological control of the competitive weed viz, 

I4ikania scandens. The possibility of employing the natural 

insect predators (Acalitus, Liothrip, Teleonemia, Apion) to
 

control these very competitive creepers is being examined
 

and considerod.
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When the canopy of thq crown closes, usually at tha
 

5th or 6th year after planting ground cover vegetation
 

usually becomes sparse and comprises only the shade tolerant
 

species, which are usually soft and less competitive. These
 

are checked and controlled with two or three rounds of
 

herbicidal sprayings per year.
 

Much concern has been shown in the use of hormonal
 

types of herbicides and glyphosate in young plantings. The
 

use of formulation containing 2,4 D-amine and 2,4,5-T and
 

glyphosate on palms younger than three years in the field 

is avoided or prohibited, since severe damage on the palms
 

in the form of malformation and retarded emergence of the
 

young leaves have been frtquently experienced with these
 

herbicides. However, palms older than three years and those
 

which are well grown and robust, could tolerate and withstand
 

the 	phytctoxic effects of these herbicides (Athin the normal 

and 	recommended rates of application of these L.rbicides).
 

Dense epiphytic vegtation on the trunks of the mature 

oil palms are also occassionally controlled with herbicidal 

spraying, usually one round in a year. Care should be
 

exercised in these sprayings not to damage developing
 

infloruscences with the herbicides.
 

b. 	Pests and Disease Control
 

The more common pests of the field palms aid their
 

control are shown in the Table 6 below.
 

Table 6. Common Pests of Oil Palm and Their Control
 

1. 	Insects
 

a. 	Night flying beetles Eat green Lead arsenate spraying
 
(Apogonia and Adoretus) leaves 0.36-0.60% or Dipterex
 

+b. Cockchafer grubs Feed on root Rotavate and drench soil
 
(Psilopholis vostita) system, ultimately with 0.5% a.i. of Aldrin,
 

killing palm Reptachlor or Telodrin
 

c. 	Hispid leaf miners Destroy leaf BHC dust
 
(Coelaenomenodera) tissue
 

http:0.36-0.60
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Table 6. (continuation)
 

d. Rhinoceros beetles Attack young and

(Oryctes) 	 Control by eradicating


spear leaves lea-
 breeding sites and
 
ding to bud rot 
 grubs
e. Bagworms 
 Eat leaf tissue


(etisa and Crena-	
Srpay with Dipterex at 
I-1atopsyche spp) 	

kg/ha.is preferable
 
to lead aroenate


f. Nettle caterpillars 
 Eat laminae 
La- Lead arsenate at 4 kg/ha
(Stora and Ploneta ving Mildribs only 
or Dipterex at 2 kg/ha
spp)
 
g. Grasshoppers Cut out edges of
(Vallanga) 	 Lead arsenate at 4 kg/ha
pinna* 
 or spray with or dieldrin
h. Bunch moth Feed on mesocarp 
 Spray with Dipterex
(Tirathaba) 	 - 0.5
and kernel 
 kg/ha and Thiodan
 

2. Rodents
 
a. Porcupines 
 Eat out apical bud 
 Bait with zinc phosphide/
 

coconut or flour
b. Rats 
 As above 
 Blit with mixture containing
 

rice bran and Warfarin or
Tomorin. 
Also use protec-

Live wire collar
 

3. Hvmals 

control measures.
 

a. 

b. 

Elephants 

Cattles and 
water buffalo 

Feed on the young Shooting and hunting. Use 
cabbage and tender of electric wire in fencingshoots; destroying the boundary, constructionthe palm by pulling of large trenches or ditchesthe spear or to surround the boundary.
fclling it 
Gracu on the leaves lie JiLng and patrolling toand tender spears chase and keep away these 

c. Squirrels Feed on ripening 
animals 
Not serious and no control 

fruits measures taken at present. 
Shooting, poisoning and 
trapping may be possible
control measures. 

4. Birds 
a. Parakeet Feed on ripening Not serious and nu control 

fruits measures taken at present. 
Shooting, poisoning and 
trapping may be possible 

+Tnese are in South Ameriea and-Africa
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There are more common diseases of the field palms and
 

and their control are shown. in Table 7 below:
 

Table 7. Common Diseases of Oil Palm and Their Control
 

1. 	 Leaf Diseases and Disorder 

• a. Crown disease 

Usually on 2-3 

years old palms 


b. 	Spear rot-Bud rot 

complex 

Usually on 2-5 
years old palms 


2. 	 Stem/Trunk Disease 

a. 	 Upper stem rot 
Usually on palms 
older than 10 
years 


3. 	Root Disease
 

a. 	Basal stem rot 

(Ganoderma) 

Usually on palms 
older than 13-15 

years but 5-6 years 

palms are also 
affected 

b. 	 Dry basal rot 
(Ceratocystis 

paradoxa) 


Usually on 5-7
 
years old palms
 

c. 	 Stem wet rot 
Usually on 3-10 

years old palm 


Casual agent not known Removal of diseased spears
 

but genetical differen- by cutting followed by
 

ces in susceptibility 
observed. Fungi naso-
cliated are mainly 
Fusarium 

Causes not known but 


spraying with 1.0% Thiaben
dozol solution. Planting
 
of more resistant materials
 

Removal of diseased spear
 

are probably associated or drenching the cabbage
 

with pathogenic nic-
robes-gaining entry by 
prior physical/mecha
nical damage of the 
tissue/organs with
 
vector insect and suf
fering phyniological
 
stress
 

Caused by pathogenic 
fungus Phellinus 
noxious, (Fc:nes 
noxious) 

Caused by pathogenic 

fungus Ganoderma spp 


Caused by pathogenic 
fungus Ceratocystis 

paradoxa
 

Associated with a 
disease infection of 

the 	root; possibly 

of bacteria or virus 

or wycoplasma-like 
organism and unfavour
able wret soil water 
regime
 

with a fungicide 

If the diseose could be 
detected early (by sonic 
means) trunk surgery to 
el'cise all diseased 
tissues and painting the 
exposed healthy tissues
 

with preservations or
 
wound d:essings.
 

Destruction of all infectec
 
tissues and of the root
 
system of the old oil palm 
or coconuts. No effective
 
method of control of the
 
palis infected writh this 
disease knoun. 

No known treatment. Dead 
palms removed.
 

No known treatment 
Drainage and eradication
 
of grass covers have been
 
suggested.
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Ablation or Castration
 

The removal of young inflorescences and bunches as
 

soon 	as these emerged or formad when the palms commence 

flowering has been termed ablation or,disbudding or castration. 

Young 	palms usually commence to fMower at about 10-12 uonths 

after field planting and ablation is usually carried out at
 

monthly intervals from the 14th to 27th month. 
This 	practice
 

has become quite common in the oil palm cultiwtion in 

lHalaysia mainly because of the following advantages:
 

i. improved vegetative growth and those of the root
 

system by channelling assimilates and netabolites 

to these vegetative organs/parts,
 

ii. 
encourages a more uniform stand and establishment
 

of the planting; 

Lii. 	 more effective n the conrrol of bunch rot
 

diseases (Marasmius) and of attack by Tirathaba
 

caterpillars;
 

iv. 	 higher yield at the commencement of harvesting 

with larger and better formed bunches with higher 

oil to mesocarp content; 

v. Butter tolerance to attack of pests and diseases
 

due t-h- , 	 --- I 

Probably due to varying duration and time of
 

cormencement of ablation and also to the irregularity in 

the programme, responses to ablation in tgrm of higher 

bunch production and improved growth and vigour were not 

consistent or as significant in some oil palm plantings 

as those achieved in some of the experiments conducted to 

investigate this practice. Timing of the prograimne to 

coincide with the Letter rainfall and climatic condition 

has also been shown to be critical in ensuring and 

sustaining higher initial bunch production. It has also 
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been suggested that the practice of ablation is of more
 

practical utility in region of low than high production and
 

particularly so in extremely dry condition such as obtained
 

in West Africa in which there was evidence of improved
 

drought resistance due to improved vegetative development,
 

including the root system. Ths practice should be considered
 

for adoption in areas of poor soil conditions or poor growing
 

conditions and drier climatic zones.
 

d. Assisted Pollination
 

This refer, to artificial pollination of the female
 

This has become
inflorescences manually or mcchanicnlly. 


necessary eapecially in new areas of oil palm cultivation
 

in which the rainfall is excessive; ex:ceeding 2,500 m.. 

annually and in which there are no older oil Palm plantings
 

in the vicinity. Inadequate natural pollination duc, to 

the production of higher number of female infloresconces 

(higher sex ratio) of the imprcvcd planting nmterials at 

the earlier years and to the slow increase in population 

of the pollinator insects - until recently, mainly thrips 

in oil palm plantings - and to the heavy precipitation
 

prevailing in the monsoon seasons have baen the causes of 

poor fruit formation and production in Malaysia, especially 

in East Malaysia (Sabah and Sarawak). The necessty of
 

assisted pollination has apparently been established by
 

a series of experimcnts conducted in Malaysia in the
 

1950-1960, and until recently assisted pollination with 

puffers, lance applicators and mechanical dusters has been 

a routine practice in all oil palm plantations in lalaysia. 

Pure pollens collected from the male inflorescences, either 

alone or mixed with talcum powder in a ratio varying from 

1:4 to 1:10 by weight, have been used and applied at regulax 

intervals of one every three days on palms from the third 
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year to the eighth or ninth year from planting with the
 

planting materials presently 
use!. 

The natural pollinator weevils Elaoidobius spp were
 

studied and introduced into Malaysia 
 from Cameroon, Africa 

a few years ago. Following fairly detailed studies on 
the
 

host specificity and their responses to 
the local environme
 

these weevils mainly Elacidobius kamerunicus, were released
 

and are now well spread over Nalaysia. Over the last year 

or so after their reluase, the weevils have been observed
 

to breed and survive well under the Malaysian climatic
 

condition 
and have not been inhi1ited, restricted or checkoc 

in their pollination activities. 
These pollinator weevils
 

are observed to 
be very efficient in their pollination
 

activities, and bunch formation and thus crops or yield in
 

must of the oil palm plantations, especially those in East
 

Malaysia, have increased substantially; by as much as 40-60% 

or 6.0-.0U tonnes of fruit bunches per hectare, and bunch
 

weight increases of over 2.50 ki 
each. Crude palm oil and
 

palm kernel production in Malaysia has increased by about
 

24.0% and 54.0% last year (1902) to reach 3.5 million tonnes
 

and over 900,000 te6 respectively. 
It has been suggested
 

that a substantial share of such increases has been attributed
 

to these weevils. However, it remains to be seen whether these 

beneficial effects and contribution of these weevils over the
 

ion-er tern or in the near future could be sustained, since
 

results cf experiments on intensive pollination (assisted)
 

have shown that appreciable abortion of the inflorescences ani 

bunch failure followed the initial high increase in fruit 

bunch production; from the 40 months and thereafter. 

The immediate concern and consideration are the nutrier 

drain and stress ipposed by such large increases in the crop
 

or fruit bunch production. It seems likely that in oil palm
 

Ii 



The agronomic and cultural...28
 

plantation 	with marginal nutrient condition, such a stress
 

could be expected and significant depletion and deterioration
 

in the nutrient condition may be anticipated.
 

e. 	Pruning
 

Pruning of leaves is also a common practice in oil
 

palm cultivation and usually cor.mrences four or five months
 

before fruit harvustlng begins when young palms reach the
 

age of about 32-36 months after planting. Pruning may
 

commence earlier, at about 18 months, to facilitate cirtle
 

weeding, ablation and pest/disease control. Leaf pruning
 

is carried out to:
 

i. 	facilitate circle woding, ablation, assisted
 

pollination and pdst/diseaso control;
 

ii. 	 facilitate harveawing and viewing of bunch 

ripeness; 

iii. 	 reduce the accumulation of rotting palm 

-niterialsand lodging of fruits in the trnnk wh 

would encourage the groxth and establishment of 

epiphytic plants which .ay cause difficulty in 

viewing and inspecting of the ripening bunches. 

iv. Possibly improve aeration and evaporation in 

the 	field.
 

First systematic pruning is usually carried out whc 

cm above the ground.the lowest ripe bunch Is about 60 

of fourSubsequently, pruning is carried out at intervals 

to six months. All experiments on frcud pruning and 

retention indicate that maximum yield are obtained( by 

retaining as many green and funntional leaves as possible, 

but 	the differences in yields in retaining more than 40 

leaves in mature oil palm planting are usually small.
 

Ilowever, severe pruning, leaving less than 32 leaves, has 

a rapid and serious depressive effect on bunch production
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and yields could be reduced by more than 25%, and bunch
 

weight (size) imy be'reduced after four months and bunch
 

production dropped after eight months. 
This has been
 

accompanied by increase in abortion rate of the inflorescences
 

It is common to prune to leave at least a whorl of
 

leaves below a ripe bunch, with preference to leave 2 whorls
 

of leaves below the bunch. 
This would leave about 40 leaves
 

on the palms at any time. 
Timing of pruning may also be
 

important i seasonal climate. 
It has been suggested that
 

pruning at Lhe beginning of wet season should be avoided.
 

In pruning, the leaves are cut as close to the trunk
 

as possible with chisels or axes and in older palms with
 

sickles (Malaysian knife) attached to the bamboo pole.
 

Howee , care should be taken in pruning close to the 

trunk to avoid damage to the still younger leaves.
 

f. Harvesting
 

With most of the precocious materials presently
 

planted, harvesting could commence after 2 
years of planting 

and usually at 32-34 months in fields well established and 

maintained. In poorer plantings, harvesting may bu delayed
 

to 3 --4 years.
 

With Elacis guineensis var nigrescens, as the fruit
 

in the bunch ripens, the colour changes from deep purple or
 

lack to reddish orange and the oil content increases in
 

:he process. 
When the oil content reaches maximum, the
 

.ruits become loose and fall 
to the eround. Aecause of
 

neven ripening, it takes about 1G-2U 
 days for all fruits
 

n a bunch to ripen. 
 The fruit Lunch has to be harvested
 

either in an under-ripe nor over-ript, conditior. Until
 

ow 
 there is no exact criterion for optimal ripeness and
 

t is comuron practice tu harvest when there are two loosn
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fruits on the ground per estimated kilogramme of bunch
 

weight, e.g. 25 loose fruits for a 12 kilogramme bunch.
 

Ripe bunches are cut with chisels or axes or kni'ies 

on bamboo poles, depending on the height of palm. Generally 

harvesting starts with chisel and is continued as long as 

.to 9 years and therepractically possible; usually until 8 


after with curved knives on bamboo poles and care must be
 

undertaken not to dmmage any functional green leave
 

immediately around and above the ripe bunch to be harvested.
 

is usuallyLeaf subtend..ng the ripe bunch to be harvested 

cut at the same timne, and the cut leaves are norr'&ly 

stac!ked in the interrow/avcnue.
 

10 to 12 days in theHarvesting interval is normally 

early years and subsequently, 7-10 days provided that
 

shortage of harvesters isharvesters are available. Acute 

presently being experienced In Nalaysia and under this 

intervals have invariably beensituation, harvesting 

extended to 12-14 days -c even longer.
 

Cut bunches and loose fruits are collected and 

to a c Ilection point or platcarried In bambuo baskets 


form near the roadside. On more level terrain, whe Jborrowi
 

Use of drought anir=fls mules
are becoming more popular. 


(in South America) or wnterbuffnlo (in IL-laysia), has also 

been mide in somn plantations. lochaniz2d harvestin.g and 

of fruit bunches are being developed and arecollection 


receiving increasing interest and attention.
 

fruit bunchesFrom the collection point or platform, 


and loose fruits are transpcrted to the factory/mill by a
 

number of ways, depending on the initial planning on the
 

and common
infrastructure development. The more convenient 

system invol~tes road transport by trucks, tractor/trailer
 

and lorries ficted with hydraulic system for lifting and
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unloading (or tipping of the load) of the fruits. 
Fruit
 

transport by road using trucks or lorries has become in

creasingly popular due to the reduction in labour require

ment and to the convenience of weighing the harvested crops.
 

l.anurin" 

The oil palm requires large quantities of nutrients,
 

both macro and micro elements, for growth aud reproduction.
 

Manuring and fertilizer applications arc important and
 

necessary cultural practices tu ensure and to 
maintain good
 

grovth and crop production in oil palm cultivation. Even
 

on the relatively fertile environmental and soil conditions
 

in Malaysia, applications of fertilizers and their require

eant constitute over 40% of 
the total annual field product

don costs.
 

Various estimates of the nutrient requirements and
 

uptake of oil palms have been carried out in different oil
 

palm growing countries. In Malnysia, the estimates of total
 

nutrient uptake by 146 palm per hectare per annum are shown
 

in the following Tables 8, 9 & 10. 

More recently, the requiri:mants of anionic nutrients,
 

especially of chlorine and sulphur have received attention.
 

Although the contents of these elements,in the leaf have
 

been analyzed, LtLimateU of these nutrients in the whol.2 

palm and in the fruit bunches have yet to be made. 

The comon technique in assessing the nutrient
 

requirements and fertilizer needs of the oil palu in 

Malaysia 'a foliar analysis. This plant tissue analysis
 

of leaf No. 17 in mature palms and of Leaf No. 3 or 9 in 

young palms has received considerable research efforts and 

studies to est-blish the rulation'hips of the nutrient 

contents in the leaf with growth and yield and their uptake 

in the palms. Sampling techniques and procedures to study 
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the,sampling error, intensity and seasonal variation of 

major nutrients have been studied and investigated and 

reeults of these studies, together with those from manurial 

experiments, have generally confirmed the preference of this 

technique tor assessing the nutrient requfrements of the oil
 

palm. Positive and significant correlations of the nutrient
 

levels with growth and yield of the oil palms, especially
 

those of major nutricnts viz, nitrogen, phosphorous and 

potassium, have been obtained and achieved.
 

The tentative criticeIllevels of the nutrients
 

presently being employed for nutrient assessments are as
 

Table 8. Estimates of total rutrientz uptake by 148 pnims per hectare per annum 

oCOtPOENT 'Z ' -L.2 ,k 	 % k 

1. 	 Net cumulative 
vegetative n atter 40.9 21.2 3.1 11.9 55.7 22.2 11.5 18.8 13.8 13.9 

34.2 C6.2 34.3 22.4 36.5 61.6 61.9
 

3, 	Fruit bunches (25 tonnes) 73.2 38.0 11.6 44.6 93.4 37.1 20.8 33.9 19.5 19.6
 

6,4 6.6 10.0 4.4 4.6
 

2. 	Pruned fronds 67.2 34.9 8.9 


4. Male inflorescence 11.2 5.9 2.4 9.3 16.1 

T 0 T A L 192.5 10O 26.0 100 251.4 100 1T31I00 99.3 100 

,
(26.0 kg P = 59.5 kg '205 251.4 kg K = 302.8 hgK 20) 

Table 9. Estimated annual uptake of micronutrients by 148 palms per hectare per annum (gin) 
r 

, 3 Cu 	 , MnCOMPONENT 	 .- ! 

50.32 48.84 22-.44 467.681. 	Cummulative vegetative matter 


88.C0 177.60 2,960.00
125.80
2. 	Pruned leaves 


116.92 121.36 372.96
3. 	Fruit bunches 53.28 


229.40 254.56' 525.40 3,800.64
T 0 T A L 


Further, t .2 nutrients removed or contained in 10.0 tons of 

fruits bunches has a]'c been estinated and are as foolows:
 

Table 10. Estimates d nutrients removed in 10.0 tons of fruit bunches 

PER TONS OF ' 7 
N P K Mg Ca Mn, Fe B Cu Zu
 

BUNCHES , , , , , 

Kilogrammes 29.4 4.4 37.1 7.7 8.1 

15.1 24.7 21.5 47.6 49.3 0.084
Gramnes 


http:3,800.64
http:2,960.00


Table 10.1 Tentative critical levels of nutrients employed for nutrient assessments 
NUTE-MITCac 
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Leaf No. 3 2.8,--3.00 .13-C .20 
II 

%dry1.30-1.50 matter0.30-0.35 0.30-0.50 
-

,C 
m 

Leaf No. 17 
 2.73-2.3G 0.16-( .18 
 1.00-1.20 
 0.20-0.25 
 0.45-0.55 
 0.30-0.50 
 0.20-0.24; 
 200-250 
 10-12
Table ii: 2-4
Rates and Types of Fertilizcr Application for Oil Palm in Malaysia
Ratezs of Sulphate cf A- onia (IT)3nd i-ui late of Potash (K) reccr-ended for young plantings on four najor soil;I. Sandy lcnms to fandy clay groups in West Malaysia (g/palm),II. Clay from basic igneous iiI. Silty clay from shales IV. arne clays
-ARS IN FIELD . older alluvium
from granite, s&ndstone, rocks
 ,'
 
,NN 
 K N _ K1. 0.68 
 C6.45-0.90 
 0.45 
 0.68 
 0.45-,.68
2. 0-0.23j.9.r-1.36 1.3C-2.50 

0.45 0
0.68-0.90 
 1.36-1.60 
 0.63-1.36 
 1.14
3. 0-0. 230•9G--1.3C 0.45-0.682.27-3.41 
 0.68-0.90 
 2.04 
 0.66--1.36 
 1.60-2.04
4. 0-0,23
0.9U-1.6C 1.14-1.60
2.73-3.86 
 0.90-1.14 
 2.04-2.73 
 0.90-1.60 
 2.04-2.73
5. 0-0.23
.1.14-1.S1 1.14-1.60
2.73-3.85 
 0.90-1.14 
 2.73 
 1.14-1.&1 
 2.04-2.73 
 0-0.23 
 1.61--2.04
.
 1.14-1.01 
 2.73-3.86 
 1.14-1.60 
 1.14-1.81
7. .6i-2.04 

2.73 2.04-2.86 0.90-1.14
2.73-3.GG 1.31-2.04
1.60 
 3.41-3.64 
 1.CO-2.04 
 2.73-2.86
8. 0.90-1.60
1.01-2.73 I.C1-2.73
2.73-3.8C 
 1.60 
 3.41-3.64 
 1.60-2.73 
 2.73-2.86 
 0.90-1.60 
 1.81-2.73
 
Source: Hew and Ng
 

http:1.81-2.73
http:0.90-1.60
http:2.73-2.86
http:1.60-2.73
http:3.41-3.64
http:2.73-3.8C
http:I.C1-2.73
http:1.01-2.73
http:0.90-1.60
http:2.73-2.86
http:1.CO-2.04
http:3.41-3.64
http:1.31-2.04
http:2.73-3.GG
http:0.90-1.14
http:2.04-2.86
http:1.14-1.81
http:1.14-1.60
http:2.73-3.86
http:1.14-1.01
http:1.61--2.04
http:2.04-2.73
http:0.90-1.14
http:2.73-3.85
http:1.14-1.60
http:2.04-2.73
http:0.90-1.60
http:2.04-2.73
http:0.90-1.14
http:2.73-3.86
http:1.14-1.60
http:0.9U-1.6C
http:1.60-2.04
http:0.66--1.36
http:0.68-0.90
http:2.27-3.41
http:0.45-0.68
http:0�9G--1.3C
http:0.63-1.36
http:1.36-1.60
http:0.68-0.90
http:1.3C-2.50
http:j.9.r-1.36
http:0.45-,.68
http:C6.45-0.90
http:0.20-0.24
http:0.30-0.50
http:0.45-0.55
http:0.20-0.25
http:1.00-1.20
http:2.73-2.3G
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Table 11. . 

Rates of Christmas Island Rock Phcshate (P) and Kieserite (Mg) recommended for West Malaysia (kg/palm) 

:1. Sandy loans- sandy loar-s 
from granites, sandstone 

II. 
, 

Clays from besi rz'zs ;III. Silty clay lcarus-
silty clay," from shales 

'IV. Marine Clays 

YE.Pis IN and oler alluvium 
FIELDS , 

pg 

I 
.p p lp 

1. ' .45-C.90 .23-0.45 0.23-0.45 0.23 0.45-0.90 0.23 0 0 

2. U.68-I, j.45-1.14 0.23--0.45 0.45 0.45-0.90 0.45 0 0 

3. 63-l.;O ..O.G=Il.14 0.45-0.68 0.43-0.C8 0.63-1.60 0.-3-0.90 0 0 

4. U.93-i.60 3.9c-1.60 0.90-1.14 0.68-0.90 0.90-1.(0 0.O-1.14 0.23-0.45 0-0.23 

5. .14-1.601•14-1.60 0.90-1.14 0.68-0.90 0.90-1.60 0.90-1.36 0.23-0.45 0-0.23 

..1.14-i.6: 1.13-1.81 0.90-1.14 0.90-1.14 0.90 1.14-1.36 0.23-0.45 0-G,23 

7. 1.14-2.34 1.3'-1.81 1.14-1.36 0.90 1.14-2.04 1.14-1.60 0.45-0.90 0-0.45 

•1.5G-2.04 1.3C-1.81 1.14-1.36 0.90 1.36-2.04 1.14-1.60 0.45-0.90 C-0.45-

Source: Hew and N3 
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it has also been observed and experienced that levels of 

majbr 'utrients, expeciaiy ofnitrogen and potassium seen 

to de€line with age of the palms and 'are also related to 

soil water regime. Thus,'it is not uncommon to observe 

lower nitrogen and potassium levels in palms older than
 

15-I 
years and in palms growing on alluvial soils (on the
 

marine/riverine alluvial). 
 There are also indications thal
 

nutrient levels could also be related to the genetic ratert
 

The common types and rates of fertilizers applied t(
 

oil palm-in Malaysia art shown in Table 11.
 

More recently, in the last few years (1984), tho 

results of a large experiments on manuring oil palms in
 

differing soil and climatic environments and the yield
 

responses of fruit bunch production to the fertilizer
 

applicatio-s, ,specially of nitrogeneous and potash ferti

lizers, have been studied by the Palm Oil 
 Research lIxstitut 

Malaysia (Foster, Mohamed, Chew et al. 1984). Response
 

equations were fitted to the yiold of fresh fruit bunches
 

to the application mainly of nitrogeneous and potash
 

fertilizers at non-lirdting levels of other nutrients. It
 

was found that on all soils, responses were found to be
 

related to yield level and to soil moisture condition after
 

fertilizer application. Yield responses to potash fertilizs
 

was also found to be dependent on the potassium buffering
 

capacity of the soil, whilst response to nitrogeneous
 

fertilizer increased with clay content of alluvial clays
 

and decreased with the slope on sodentary soils. 
In the
 

absence of potash fertilizer, yields were significantly
 

related to the drainage condition, hot acid extractable 

potassium content, average soil moisture content of the 

alluvial soils and to drainage condition, exchangeable
 

potassium and organic matter of the seden'tary soils. 
 In
 

absence of nitrugenouus fertilizer, yields were related to
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drainage condition and rainfall on alluvial soils and to
 

palm age, planting density, soil consistency and leaching
 

intensity on sedentary soils.
 

Basing on these responses studies, the yield of fruit
 

bunches and the fertilizers (nitrogeneous and potash)
 

requirement have been predicted on the major soil types in
 

Malaysia. These fertilizef requirements and predicted
 

yields are shown balow.
 

SLTONSA 
FRESH FRUIT BUNIES 

PER YRS 
, 

KG 
FERTILIZER 

PER PAL4 PER YEAR 
SOIL SEIS. WITHOUT 

,FERTILIZER 
; WITH R 
!FERTILIZER O 

Rengam 20.4 26.5 4 6 

(fine, kaolinitic 
isohypertheriac, 
Typic Paleudult) 

liunchong 24.1 25.5 1 1 
(Very fin' 
clayey, kaolinitic 
isohyperthermic, 
Typic Acrorthox) 

Batu Anam 15.2 23.( 5 5 
(clayey, mixed 
isohyperthermic 
Aquoxic Tropudult) 

Br -ah 23.3 26.6 4 0 
(Very fine, mixed, 
isohyperthermic, 
Typic Tropaquep,) 

Selangor 25.2 25.8 1.5 0 

(Very fine, mixed, 
iaohyperthermic 
Aeric Tropaquept) 

Another recent estimates on the nutrient inputs (Ig and 1hong, 19fl)
 

for achieving the yield potentials of oil palms have been also been given
 

and these are related to the taxonomic units (sub-group) of the soils
 

occurring in Hlaysia. These nutrients requirements are shown below
 

together with the relevant analysis data.
 



Nutrient inputs for achieving yla
SOIL ; 

, 

S- LNP 

Typic Trcpcrsam~ent 1.15-1.4, 
Oxic Paleaquult 1.2'-1.5. 

Ty ic Paleudult 1. '-l.25 

A•ric Trcpaquet .45--v.C3 

typic Tropofi:rist U.3--0.45 

pctgntials in oil palm (kpFpalm/yr) 

P K 

u.32--0.37 2.25-2.75 
0.22-3.27 1.50-1.C0 

J.25-0.33 2.03-2.50 

..00-J.15 O.U-1. 00 

J.00-0.15 3.00-3.60 

I 
Mr 

0.16-0.22 
3.10-C.13 

3.12-G.15 

0.0 

0.0 
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B23OS0 

2 03 CuSO4 

0.13-0.12 NIL 
0.3-0.10 , NIL 

0.35-0.07 N 

0.03-0.05 NIL 

0.12-0.14 0.001 (F) 

Soil -:zulysis Data ?f Soil Evalrate I 

L 

I. Typic 
Tro:aquult 

2. T7yiic 
Trc:-.osaL--ent 

3. Ty-ic 
Paieu-ult 

4. Aerie 
Trouaquct 

5.5. i. ic 

Trojofibrc st 

ECRIZON 
: 

3-15 
15-34 
3)-45 
45-6 
3-10 

i1--4 
4D-6: 

-.12 
12-3, 
3,-6 

2-12 
12-30 
33-60 

-

15-3! 

3-CL 
G-9-

.3 

4.5 
4.5 
4.5 
4.4 
4.0 
2.-4.63 
5A 

4.3 
4.,. 
4.4 

4.1. 
4." 
3.6 

3.75 

3.65 

4.-, 
4. 

0C% 

2.63 
0.7 
0.72 
0.66 
2.32 

0.81 

1.13 
0.44 
0.23 

4.31 
2.29 
1.10 

39.3 

43.5 

44.C 
39.1 

' LHNZ 

0.17 
3.14 
0.-JG 
'0.00 
0.29 
3.15 
0.J37 

C-.44 
0.3D 
0.17 

0.42 
Z.19 
3.v9 

1.77 

1.57 

1.31 
1.21 

24 
21 
7 

13 
30 
16 
22 

21 
14 
16 

54 
40 
26 

22 

40 

1: 
15 

P(-p) 

164 
17G 
119 
152 
153 
ill 
117 

139 
104 
120 

353 
283 
302. 

376 

223 

131 
145 

__ _ 

0.10 
0.20 
3.09 
0.11 
0.05 
.;3 

0.06 

3.08 
0.35 
0.05 

1.7 
.56 

0.39 

0.32 

0.12 

..--
0.11 

_ __._ 

S? 

0.17 
0.33 
0.15 
0.22 
00. 
0.07 
0.08 

0.16 
0.06 
0.08 

3.22 
1.63 
4.49 

1.55 

0.35 

.35 
0.35 

..... 

_ 

Ca 

0.47 
1.36 
. 
05 
0.52 
0.27 
0.31 

0.41 
0.38 
0.41 

1.72 
0.86 
0.84 

1.17 

1.13 

::7 
0.69 

. 

1.41 
1.36 
1.4 
1 
0.17 
0.21 
.20 

1.12 
1.24 
1.91 

4.50 
4.56 
6.24 

3.61 

0.43 

.3C 
0.43 

CLAY 

54.5 
47.6 
47.6 
50.6 
23.1 
25.2 
2.3 

31.9 
32.C 
35.5 

41.1 
43.6 
58." 

I 7L36.81.9 

88.3 

7. 
z.5 

SILT 

10.3 
19.8 
16.2 

6 
i'! 

6.1 
5.9 

3.2 
1.5 
2.0 

43.9 
48.6 
36.9 

Reference : A = Avallable 

T - Total 

Li Loss ou Ignition 
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The fertilizer prokramnes could be applied with mixture 

of straights, or with blended or chemical compounds containing 

more or less the same quantities of nutrients. In practice,
 

since most of the blended or chemical compounds do not
 

contain the large requirement for potash and kieserite and
 

trace elements, applications of such compounds hae to be
 

often supplemented with mriate of potash, kieserite and 

trace element fertilizer. Use of mixtures of these straight
 

fertilizers is more convenient and is frequently cheaper.
 

Fertilizer programmes are commonly split into two or
 

three rounds of applications, with applications timed to 

avoid 'the very dry and very wet seasons. In younger plantings 

of less than four years grown on more sandy or shallow soils, 

frequency of application is increased to four or six rounds 

in a year. 

Placement of fertilizers is usually related to zone 

of high root activities and densities. For the imrature 

palms of less than 2 years, placement near the palm base, in 

circle band between 1.0-2.! u u: the base is the most 

effective. For palms three years and older, this should be
 

2.0--4. m and for palms over eight or nine years, placement
 

could be extended to the avenue or interrow, since the root
 

system is then well distributed. However, it is cormnon to 

apply fertilizers within a circle of radius of 3.0-5.0 m for
 

the purpose of supervision. On flat and level lani,
 

mechanical application of fertilizer is being carried out,
 

while in hilly land, the fertilizers are naturally applied
 

along the terraces, usually at the back of the terraces.
 

Shortages, especially acute and demanding of
 

nutrients are fairly well reflected in define symptoms
 

of deficiencies. 
The most common of these are deficiencies,
 

of nitrogen, potassium, magnesium, boron and copper.* The
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symptoms of these nutrient deficiencies are fairly well
 

described and are easily recognizable. However, when such 

nutrient deficiencies become visually distinct and 

reco, izable, the deficiencies are already in fairly 

advanced stage and the needs for fairly large amounts of 

fertilizers for correction and amelioration of these 

deficiencies have well been demonstrated. 

Soil analysis for assessing fertilizer requirements 

of oil palms has been less popular and less precl so then the 

foliar analysis. This is mainly due to difficulty of corre-

lating soil fertility with nutrient uptake and growth factors.
 

the difficulty is due to that fact that (i) roots extract
 

autrients from three sources; the soil solution, the
 

:txchangeable ions and the readily decomposable minerals 

f the soils which are interrelated in a complex manner; 

(ii) a measure of any of these sources may not indicate the
 

real availability of nutrients since soils differ in the
 

late at which they release exchangeable ions; (iii) the 

:ooting volume of the oil palm is large and thus, sampling 

Ls difficult; (iv) the oil palm, being a perennial, can 

:ake up nutrients released by slowly weathering minerals 

Lnd stored these in the large trunk and other organs. 

'v) physical conditidn of the soil such as soil structure, 

ioil moisture regime and depth of solum also influence,
 

iometimes greatly, the availability of the nutrients and 

he ability of the roots to exploit and extract these
 

iutrients. Nevertheless, significant correlations and
 

elationships have been found md established between
 

otassium mole fraction (Excha. K/CEC) and yield of fruit 

unches in Nigeria. This relationship was further improved 

hen the activity ratio in which activities of K, M% and Ca 

nd Al were taken into account was used. It was then found
 

hat potassium response was closely related in the following
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Ke
 
* -Cae + Mge +.2.5 Ale
 

where a - exchangeable 

If the mole fraction was 0.015-0.020, K status was
 

was less than 0.015, a
probably marginal and when it 


likely response was expected. An activity ratio of 0.006
 

was considered critical.
 

Correlations have also been found on Acid Sands soils 

in Nigeria in which response to exchangeable K were 

obtained when this falls below the ragne of 0.10-0.20 meg per 

between water soluble magnesium, in100 gin. Relationship 

the top-soil and both deficiency rmptoms and leaf Mg were 

also found in Congo in soils in which the exchangeable Mg 

and a crideal Mg:K ratio of
was below 0.10 meg per 100 gm 

about 2 and below. 

In Nlaysia, although a consideratl body of soil 

analytical data has been accumulated, there. are no detailed
 

and thorough studies on the relationship of soil nutrient
 

and oil palm yields and the nutrient levels i.the leaf.
 

Some studies have been undertaken but no clear or significant
 

relationship could be established, probably due to the
 

the plant, :.*generally better manurial practices in 


of the nutrient
industry. lowever, the general pattern 

of the soils in Malaysia could be described as
status 

follows:
 

i. The generally higher nutrient btatus of the 

marine clays on the west coast of Peninsular 

Malaysia, particularly in P, K and Mg and 

occassionally N. 

ii. 	The very low K and Mg reserves in soils derived 

from granites, sandstone5 and quartzites, older 

and sub-recent alluvial sediments. "1i
 

http:0.10-0.20
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iii. The very low K status of soils derived from 

basalts and andesites.
 

iv. The variable but higher status of K of soils 

derived from shales.
 

v. 	The very low N and P status of soils derived
 

from pale coloured shales.
 

vi. 	The extreme acidity of acid sulphate soils and 

low K and Ng status. 

vii. 	The generally low N and 1'status of most inland
 

soils derived from acid igneous and sedimentary
 

rocks, and the higher P status of soils derived
 

from 	basic rocks.
 

Although measures of exchangeable cations have been
 

widely used to indicate nutrient status, ithas been found
 

in Malaysia that differences between soil types in this 

respect are not very great although the total cations are
 

sometimes considerable. Hence, the general pattern of
 

fertility of the soils in Malaysia, as indicated above,
 

has 	been observed. In regions where large areas are
 

covered with soil of more or less the same origin, some
 

correlations can be found. However, in areas where
 

changes in soil type are abrupt with marked changes of 

underlying parent rocks, limited use can be made of 

analytical data. Nevertheless, in any feasibility study 

of oil palm development in newareas, regions or countries, 

soil suitability classification w1it' field and laboratory 

data from soil survey is an essential and:sometimes 

decisive component. The knowledge and the interpretation
 

of 	 these field and laboratory data in relation to oil palm 

growth 	and production requirement are the exercise and
 

the 	objective of this exercise. 
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Agronomic Classification of Soils for Ol Palm Development 

Themain characteristics and properties used to classify 

soils for oil palm developmentere: 

i. texture
 

ii. quantity of gravel or stones
 

iii. water permeability or lack of drainage
 

iv. chemical composition
 

The broad and general suitability classification is
 

shown below: 

Table 12. Soil Classification for Oil Palm
 
GRAVELS "ND 

CLASS TEXTURE IL, ST01NES II DRAINAGE CHEMICAL STATUS 

I E'nds to clays None Good Organic-good 
Exch. cation

good 

Ha Sailvs to clayey None or very 
little 

Good to 90 cm Organic - medium 
Exch. cation 

weed iur 

lib Sands to clays Soae gravel Good to 60 cm Exch. cation 
medium 

-

III Sands to clays rravelly Poor Organic-medium 
Exch. cation

poor 

r7 Leached mnd or 
very heavy 

Very gravelly Deep ite-: Cr 
very bad 

Poor 

clay 

that in this classification, it IsIt will be seen 

mainly the physical properties of the soil which will determine 

its agronomic and suitability class. The nrore importnnt of these 

physical properties are those which influi:noe dir(cltly or 

the water regime, water availability an waterindirectly 

retention of the soils, functioning with and rusponding to the 

climatic conditions, especially precipitation. It should be 

the highest productionrealized that the environmental factors for 

of oil palm are those concerning climate. This is not to discount 

the importance of soil conditions in the cultivation of oil palm 

but the climatic conditions provide the main frams, as it were, 

from which the picture of the oil palm could be painted and hung. 



The agronomic and cultural...43
 

Thus, there is increasing interest in and utilization of the
 

boil moisture regime as function of climatic condition and
 

soil physical characteristics in the assessment of the
 

suitability of the areas for oil palm cultivation. This is
 

then cr should be followed by trials and experiments designed 

to evaluate the agronomic requirements of the oil palm in these
 

areas or regions where the soils occur.
 

The soils in Malaysia and their distribution and 

properties will be discussed by Dr. Paramanathan, and the
 

soils in which the oil palm is cultivated in Malaysia have 

been shown by Dr. Ng Siew Kee. To recapitulate, the main groups 

of soils on which the oil palm is cultivated in Malaysia are: 

Tropaquept and Dystropep,"
 

Paleudul t 

Haplorthox and Acrothox
 

The other soils are of lesser importance. However, the
 

Typic Sulfaquept, Typic Tropaquent and the Fibrists may become
 

more important with the expansion of the soil palm cultivation
 

to these soils in the near future.
 

V 
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INTRODUCTION 

Sugar yield is dependent on tonnage and piculs sugar per ton
 

cane (PS/TC). Of these yield components, high tonnage yield is easier 

to achieve and tend to exert more influcnce in the final sugar
 

production (Dosado at al., 1978, Dosado et 
al., 1980). For this reason, 

most of the cultural manageent practices in sugarcane production ar. 

directed in incraasing tonnage. This paper discusses some basic 

principles and recent advances in Sugarcane Agronomy obtained through 

research. 

CLINTE 

Sugarcane! j.rowing areas in the Philippines producing high
 

sugar yields are characterized by evenly distributed rainfall and
 

warm temperature for early growth and development. Cool and 

relatively dry period at least slx-.ight weeks before harvest enhance
 

ripening and sucrose storage. The dry conditions at harvest is also 

necessary to facilitate entry of in-field transport, hauling of
 

harvested canes and initial cultural operations using farm machineries. 

SOILS 

Well drained medium textured soils with a p11 of 6.0 - 7.8 and 

high in organic nrtter and soil nutrients is desirable for sugarcane
 

production. Soils with high productivity potential in terms of soil 

properties should be chosen for sugarcana production because this will
 

require ouly minimum materials and management inputs to produce 

profitable yield (Rosario et al., 1985). 

-Paper 
presented at tha XIV Inturnational Forum on Soil Taxonomy and

Agrotechnology Transfer Mrch 3-20, 1986, Philippines.
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Among these soils grown to sugarcane in Negros province are
 

Isabeln a dJ= .oam, Umintan ci~y loa' 
 Gumba,.aon 'loam and Guimbalaon 

gravelly loami-with a -JrPductive potent al values of 59.8, 59.7, 

58.5 and 58.1, respectively, considered very good for sugarcane
 

productioi (Table 1). 
 These values were derived by mltiplication 

of productive indices assigned to land slope, soil texture, moisture 

availability, pH organic matter content, available potaqsium and
 

available magnesium (Hombrebueno 1980). 

.Based on records, highest sugar yields were consistently
 

produced by sugarcane planters in Sulay, San,,Carlos, Bukidnon gnd
 

Bais. 
 In addition to good management practices of sugarcane planters,
 

these areas are believed to have soils with productive.potentjls..
 

LAND PREPAPATION
 

To have ease in field operation, newly harvested field trash
 

in the wet season aro tutred upside down in order that these will
 

dry thouroughly. 
 Thie fire should be 'started against the'wind
 

direction 
to insure relatively satisfactory burnig. Burning during
 

the cool parts of the day is recommended:to 
minindize loss of beneficial 

microorganisms.
 

When no burning is employed, the trash is incorporated into 

the soil by rotavators. 
This is followed by plowing to completely
 

incorporate the chopped trashes into the soil. Moldboard plow maybe 
used to plow under the cane trash. Subsequent harrowing will incorporate
 

the trashes into the soil.
 

Undcr Gufribalaon loam soils, one plowing at about 30-35 cm 

deep followed by two harrowings will make soil satisfactory for 

planting sugarcane, Additional plowing and harrowing will depend
 

upon the judgement of the sugarcane planter.
 

For soils which has dev~loped d hard-pan, subsciling is 

employed without turning over the subsoil. 
 Subsoiling is ideally
 

done during the dry season condition to allow cracking of the subsoil. 
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Table .	 Indqx of potential prodtction of soil types in Negros 
Occidental 

PRODUCTIVITrY
AR._ PDTIL OGRAPYSOIL 	TYPE 

1,163 59.8 flAt
Isabela sandy loam 


2. Umingan clay loam. 	 1,313 59.7 flat
 

8.5 rolling
3. 	Guimalaon loam 22,401 


7,908 ... 5 .I . rolling
4. Guinbalaon gravelly: 

loam
 

5. San Manuel loam 14,146 54.'5 flat 

6. Isabela clay 29,682 52.4 flat
 

6,589 52.4 rolling
7. Manapla loam 


8. San- . iuel, fine sandy 2,219 .50.8. flat
 

loam
 

9. Silay ze sandy loam 32,435 41.'8 flat 

41.1 rolling10. 'Bantay clay loam 	 55,826 

11. 	 Silay clay 11,089 40.0 flat 

23,564 39.9 rolling12. 	 Louisiana clay 

13. 	 Silay loam 27,747 39.8 flat 

cley 18,142 38.5 rolling14. 	 La Castellana 
loam 

38.7 rolling15. Guinbalaon clay 	 71,366 

-- I.... LITY " EQUIVALENT 	 YIELD POTENTIAL 

.	 NDX PICUL SUGAR/HACATEGORY 

Very 	 good 51-60 230-265 , 

Good 41-50 	 185-230 

Fair 31-40 	 140-185
 

21-30 	 ' 90-140M.arginal 
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In medium textoired and heavier soil types at the beginning of 

the seasop, the field may be too wet and it may not be feasible for 

tractors to make thu land preparation. This is especially true when
 

there is a desire to have a new plant crop after a number of ratoons. 

When tho hi h y1alding vzrjoicy is susceptible to the disease and when 

ratooned crop will succumb to the pathogen, there is a necessity of 

having a new crop every year. '4,cse are so., of the conditions which 

the 'minimum tillaL" practice could be of use. In brief, this
 
'"minimumtillage practice is described as follows (Dosado, 1977):
 

A. WET SEASON B. DRY SF2,SON 

'Ays 1ACTIVITIES. Y ACTIVITIES 

1 IBP 1. Burning of cane trash 2 DBP L. burning of cane trash 
0 2. Planting between ro-:s 1 2. Breaker at 18-22

of cane using "tam." inches depth to uproot
at 30,000-35,000 
 stubbles
 
selected cane points
per ectaru 0 3. Planting using "tar,z"p caat 
 40,000 selected cane
 

1 DAP 3. Fertilizer application points per ha.
 
using 'tama more or 1DAP 4, Fertilizer application 
l ss 180--90- 120 or Fu t iz a tplortion 
rccomrnendd rate of using 1taa at iore or 
fertilizer for the area 
 less iO0-90-!120 atrc , lended fertilizer 

3 DAP 4. Pre-r-emergence applica--
 rate for the area
 
tion of 2 kg Karmex and 2 5. Irrigation to field 
1 gallon 2,4-D per 
hectare capacity 

30-45 DAP 5. Chopping at least two 
 3-4 6. Pre emergence application

times the growing of 2 k3 Karmex and 1 gallonrations 
 2,4-.D per hectare
 

56 DAP 6. Breaker at 
18-22 40 DiP 7. Irrigation to field
 
inches de,.p passes 
 capacity (if necessary)
 
on old ratoons 45-70 DAP 8. 
Spot weeding whenever
 

57 DAP 7. Irrigation to field 
 necessary

capacity 70 ,AP 9. Breaker at 18-22 inches 

45-70 DAP 8. Spot weedlng whcnever depth )optional) 
necessary 
 365 DUP I0. Harvesting and milling


70-90 DAP 9. 13reaker at I>*22 
inches deep 
(Optional) 

365 DAP 10. Harvesting and 
milling 
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VARIETIE2
 

is the eas'Sit and the cheapestThe use of high yielding variety 

In as much as sugarcane varieties vary" way of increasing production. 


-
in their response to climatic and edaphic factors, thb 

newly bred. 

show consistent superiority in yield for at: 
promising variety should 

the widely grdwn variety in the 	area beforu'
 least three seasons over 


The
 
it is recommended for commercial 	production (Dosado', 

1981). 


sugarcane varieties is shown in 	 Table 2 
recommended PRILSUCOM-bred 

(Lapastora, 1981).
 

rainy season and
Tonnage i high towards the end 	of the 

the opposite 's true for 
decreases with 1ev precipitation while 

piculs sugar per ton cane (PS/TC). For early milling at the end 

of the rainy scason in October and November, the 
best age to harvest 

Varieties wth high sucrose or 
regardless of variety is 12 months. 


This, include Phil 6723,

PS'iTO are recor.nended during this period. 


Phil 56226 and Phil 6553.
 

Optimum suar yields are proddced for root varieties 
during
 

and 
the dry and cool mid-season harvest in Docember, .January 

February. High tonnage varieties like Phil 6607 and Phil 7495
 

12 months and high uucrose varieties harvested in 
10'.months
 

harvested J 

will produce satisfactory sugar production during 
this period (Dosado 

and iayo, 1983, Dosado et al., 1985). 

For late and dry milling season in 11arch and April 
Phil 6723,
 

are recommended.56226 and Phil 6553 harvested in 	 10 monthsPhil 

Regardless of season, it appears that varicties 
with high sugar
 

Phil 6553 has been
 
quality tended to produce more stable sugar yields. 

in tnuight among
found to be resistant to drought and has the least loss 

12 days of delayed willing (Iliayo and Dosado,
the seven varieties after 


Variety with waxy rind are resistant to dossication.
1934). 



Cable 2. 
;AR SL T 

Ihil 56226 

rhil 6553 

hil 6607 

'lil 6723 

hil 7495 

hil 7775 

aaracteristics of recor-.ended PEILSUCO1_'-bred varieties
YIELD M ITM ALTM 

(PS/TC C HL " OTHER CA'ACTERISTICS 
high high. trect to recumbent self trashing

(1.70 & Up)-. (i0 & up) moderate trichomes profuse 
flowering 

high high .- togect 	 recumbent self trashing
(1.70 & up) (100 & uj) 	 no trichorws spai le flcwaring 

average 'high Zrz-:recumbent self trashing
(1.30-1.69)f (100 & UT) 	 no trichomes profuse flaoring 

efficient in use± of M, good 

ratooner 
- high avorage Erect 

(1.70 & up (63 -- 99) Seres-self trashing few trichones 

sperse flowering good ratooner 
avera3e high 	 Erect to r~cumbe, t self trashing

(1.50-..69) (IOC & up) no trichomes sparse flowering 

high aveage Erect 

(1.70-& up) (W)-39) 
 Self t'.'ashing 

s2ari "touderate fl~wednr"'in 

AGE tAND SEASON AT HARVEST 
Early rMlling - 12 months 
i0 months at harvest in December-

April 

Early milling - 12 months 

Hild-season harvest 
-- 12 months 

Late milling - 10 ronchs 

Early milling and midseason 


harvest - 12 months 


Early millilng - 12 months 
10 months at harvest in December-

April 
Early milling and =id-season 

harvest - 12 months 

Early milling -12 months 
1I munths at harvest 
in Dec a-.er t- A. ril 
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DISEL3Z ?&tCTiog 

Sut - rery Eus-c-tibl. 
Leaf scorch - intk--erdiat sasceptibl 
Downy mildew susccptible 
Smt - resistant 
Leaf scorch - reeistant 

Downy mildew - interoedinte sus-ti 
Saut - :Lntermediztzr susceptiL=t 
Leaf Scorch - ralacivaly resistant 
Downy =ild:w - very hlghly r..sistant 
D 

Srimt -'highly resistant 
Leaf scorch - intermediate susn=tibl 

Smut - resistant 
Domy mildew - r"sistent 
Leaf scorch - average 
yclow spot - avrare 
Smut - resistant 
dtz.ny -ildew --rasitnt 
letf -c,,rch - avrL.-e
yelic.w spot - avzrZ ;E 
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S-EPImC1u PREpta.TION AND PLAUTING 

With the field ready for planting, seedpieces of the 
variety
 

recommended for planting and harvesting in the 
area are prepared.
 

The traditiopal seedpiece used have three viable 
buds taken from the
 

the cane are not used as seedpieces because 
cop. The topmost part of 

shouts from the grovi'ng point.
ghose ger.ainate rapidly and produce weak 

from 5-10 buds from the 
High Sermination percentage are obtain..id 

from insect damage. Before planting,,
spindle. The buds must be free 

the leaf sheath attached to the seedpiece should be removed to allow 

into the soil.
the set roots to immediately anchor itself 

For the convcntional system of cane culture on soil with averago 

furrows are laid out one meter apart and 30,000-40,000
furtility, 

selected threti-eyed cane points from healthy plants are planted per 

hectare (Tablu 3) (Dosado et el., 1978). This to about 3-4 cane 

'rhe higher rate of planting is recommended
points per linear toter. 

for the dry season. in the mchanized syster of sugnrcane culture, 

40,O.0 50,000 selected caneInid out at 1.5 meters andfurrows are 

points are [lanted p'2r hectare. Can, pointr ar' planted flat during 

season.the dry siuason and lanting position during the rainy 

To assure llih ::eri'ination, good quality vecdpiece, ade\':-te 

obsenc' of seed-rottingfnvorable soil tuLIouraLure,soil muisture, 


organitms and good land preparotion are necessary. Good germination will
 

result In perfect stand hence unnecessary expenditure in rop .nting and
 

assurod tonnage.
 

it La GrnnJn showed that 3 mninoing
RlVolult Of thuJ experlmnti 

hilln per 10 iuijru m,,.,t,2r (equivnent of If)Z tinning hill 1) will
 

tL un the n',ud for irVu1dfAto rellnstinlg (Tafoity

genorally ri~duci ylL-di 

ant Ln r5 au pon.lluh. '[he ua 
at al., 1981). I+.jlamt nk' iihoiuld be MUad. 

iLi ndod whc-nIii thL rati.on L f''I vonr,
of chipped tilluris fur roiltint lnj 


.Jt .'. 3), lcen .,$d y cut cumia ii

iiVthu 6oil inintir. orMlt 

tL iy livt phynoluu'I-cnlly irmturo 
aro uouid II ru:pnniiiv, In rntoouiv, 


t *l1 aid itto with ,,wi+r 1' /7C ari' produced.

whsms tOiw crop In hrvvi 
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TAble 3. Influence of hill spacIng on sugar yields of four PI 
varieties 

171YC___________ !Ta65 
POPULATION J (19 76) 

V A.h5..6 

7G) 

HIE T IE 

(1977) 
Phil 6607 
(1977) 

Phil 6723 
(1977) 

30 cm (30,000 
:plts./ha) 

182a 150a 165b 184a 164a
164a 

25 cm (40,OOC 

plts./:,a) 
202a 174a 194 a 2 16a 167a 

20 cm (50,000 

plts./ha) 
207a 168a 173b 189a 171a 

±-/Means with similar within variety and spacings are not different 
at LSD .05
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of about 6 monthsfrom cutbacksBetter germination are obtained 

poits from newly harvested cane top "exludilng 
old or from thzca-oyed cane 


on J 60-5, a variety difficult to germinate
 
.. the gronring point. Study 

show that beyond six months, there was an increase of pal, purity and 

Application

brix iich ware attributed to low germination (Valdez, 1980). 

of 75 kg per hectare of nitrogen 30 days before cutback 
of 6-month old
 

(Harder and Tapastora, 1980).

increased germination by 4-10 per caet can. 

To enchance germination and minimize adverse 
effect of sced

-
,
 
rotting organism, scedpiece may ba treated 

irith recommended fungicid 


100 ga/2
00 liters of water (Jereza and Arspusta,
Benlate or Fungitox at 

better to treat seedpiece with fungicide immediately 
nfter
 

1978). It i 


This is
 
cutting and not inediately before plant-Ing 

(Barredo, 1975). 


especially beneficial if planting is delayed 
beyond five days after
 

seadpiece cutting.
 

and peaks at 3-4 months after 
Tillering starts from one month 

aud growig conditions. Adequate
planting depending upon the variaty 


phosphorus in combination with dry

nutrition particularly nitrogen and 

To encourage early flush
 
weather promotets tillering (Rosario, 1982). 


of tilleri which are likely to develop into tillable stalks, two--thirds
 

of the nitrogen per hectare should be applied 
during first of the split
 

Application of at least troapplication (Garcia and Rosario, 1979). 


tillers and consequently
thirds of nitrogen at planting produces more 

highc:r sugar yield than the mechanical chipper 
cultivation (Table 4)
 

3-7 months. Adequate
Rapid growth developwont occurs(Gotera, 1984). 


sunshine, rwoisture, nutrition and high 
temperature cotributo to the
 

this period inforic r tillers dies and 
formation of stalk raterials. During 

the population stabilizes.
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Table 4. 	Plant characters and yield of Phil 56226 applied with chemical
 
and mechanical treatments to enhance tiller formation.
 

TREAT'n.IIENT , rEAN NUIMER OF'v TILLERS STALKS PS/TC TC/HA PS/HA 

1. Sp:nying Gra:3Dxone 92,500 113,334 
 1.38 96 132
 

2. Chipper cultivation 91,667 117,223 
 1.47 	 112 164
 

3. Cuttin8 primary 86,334 110,556 1.42 
 86 123
 
tillero 

4. 2/3 N at planting 146,112 131,339 1.44 124 102 

i. Control 102,223 108,056 1.40 96 131 
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FERTILIZATION
 

Survey of soils in Binalbagan, Sagay, Dacongcogon and La Carlota,
 

Negros Occidental reveal..that nitrogen is most limit.ing in 4ugarcane 

district. Nitrogen is iriortant in producing highsoils in these mill 


tonnage and biomass (Santoo and Rosario, 1983). Soils with high clay
 

content seemed to be more responsive tu nitrogen application (Zatbeallo,
 

at al., 1980).
 

Experiments vith constant NPK ratio (1.0:0.5:3) but increasing 

I1PK sho,.7ed that 100.-50-300 appears to be optimum for the plant and 

ratoon crops. In another experiment, ratio and rate of NPK was 

increased. As a whole, sugarcane responded to 100-20i kilogram 

nitrogen application in Guimbalaon sandy loam soils. No definit.a 

results ware obtained by raising the levels of phosphorus and 

potassium (Espad,, 1977). Research results from seven Phil varieties 

show that an average of 1.66 kg 11,0.39 kg P2 05 , and 2.X3 K2 0, 0.46 Ca, 

.... X, 0.08 F', 0.008 Zn, 0.02 Hn and C.U07 Cu are required to produci 

a Ltu of cane ( Gaston, at al., !985). 

For best yields md economy on the use of commercial fartilizcr,
 

the soil should be analyzed and the fertilizer recomnndation based on
 

the laboratory analysis should be closely foljovied (Quilloy, 1900). 

The high cost of inorganic fertilizer has generated interest 

in the use of organic sources. The desirability uf animal manure, 

farvm waste and mill by-products as fertilizer has been reported (Cruz 

and Puyaon, 1971; Tianco, 1983; Urgel and i'.calintal, 1984). tinny 

sugarcane plantur nre now incorporacing cane trashes into tha soil 

instead of burning them. Among the most res.i Ly availablt urganic 

sources as soj.l nanmliorant is filter cake or zidpress. An application 

of 20 tons of nidprss per hoctarc and its r.esidual effect of the 

ratoons has shown increase in cane and sugar yield over the nudprusa 

treatient (Table 5) (Urgel and iiernandez, 1571). Dried ipil-ipil 

leaves at five tous per hectare ha,; also shovn promise ((;erardino and 
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IHombrebueno, 1984). The fertilizing value of decomposed mud'ress AND
 

bagasse has also been reported (Navarro and Gimotao, 1981).
 

To rcduca the amount of nudpruss to be used, the ratio of its
 

amount when combined with inorganic fertilizer aau been studied. 

Mudprese-Urea fertilizer combination at, 1:1 or 1,-2 has been .found
 

to produce cane and sugar yield comparable to that of Urea alone
 

(Quilloy, 1903), Ue fertilizing value of mudpress aud bagasse is 

shom in Table 6 (Cruz and Puyaon;,.1971). Earthworm castings of one 

ton plus 126 kg nitrogen and 64 kg P2 05 counnercial fertilizer was also 

found to have cimilar yijld compared with 140 kg, N + 70 P205 (Quilloy,
 

1985).
 

Lring the dry season, the rccoLv.rinde' fortilizers are all 

applied as basal application. 
 In the wet senson, however, one half 

to two-thirds of nitrogen and potassium and all of phosphorus one month
 

after planting and the remaining anount 3-4 months later before the las
 

-ultivation or hilling-up. 

CULTIVATIOH ARL WLEbD CMIZTROL 

To improve aeration and control weeds, cultivation is made with
 

a carabao-dram plow or 
tractor drawn cultivator. 
The first cultivatior
 

or "ridge busting" is done about 3-4 weeks after plarting by passing the 

plow between the furrows with the soil thrown towards some exposed cane 

points and 
to cover up the recently applic. inorganic fertilizer. 


upon population. 

Off

barring may be done 7 r:eeks after plantin,. Subsequent cultivations are 

alternate hilling. UD and off..barrinf; deponding the weed 

Weeds between hills arz rcmoved imnually. The final hillng-up is done 

to-cover the sec'ond dose: of fertiizer. fllling-up keeps the stalk 

upright, sujpreas the latc tillers, and serve as drainage for exceso 

water and cover the weedi; growing in bat'leen the furrows. 

The tie of the last cultivation or hilling-up differs among
 

varieties and oeumed related to the leaf canopy formation. Phil 6607 

and Phil 56226 which forms leaf ca.nopies in two and a half mon.ns and 
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four months, respectively, produce beat yields when hilled-up during these
 

periods (l4iayo and Dosado, 1982).
 

The critical period of weed control is three-four months after
 

planting (Cruz, 1978).
 

Table 5. Mean cane and su.ar yields of plant ard ratobn'crope 

-as affected by different rates of mudpreeas application. 

CROP CRITERIACRP,10 
TONS 1IUDrRESS PER HECTARE2: 4040 0280 

Plant 
cane 

TC/Ha 
PS/TC 
PS/Ha 

90.85 
1.76 

152.52 

96.57 
1.72 

166.87 

96.86 
1.65 

160.44 

88.38 
1.61 

143.66 

80.28 
1.46 

117.61 

Ratoon 
cane 

TC/Ha 
PS/TC 
PS/Ha 

74.49 
1.7& 

132.99 

73.13 
1.73 

127.18 

65.11 
1.71 

145.55 

84.11 
1.76 

148.55 

85.94 
1.72 

147.79 

10 tons of bagasse and mudpress
Table 6. Fertilizer value (kilograms) of 


, 

K Ca Mg Fu Cu zn iMnN Pp 

37 2 5 1.3 1.? 4.4 0.09 0.09 0.17Bagasse 

20 77 11 80 80 0.83 294Mudpress 20 46 


Table 7. The influence of the duration of wecd control in sugarcano
 

% INCREASEDURATION OF WEED CONTROL FROM PLANTING PS/HA 

103
No weed control 


144 40
1 month 


151 47
2 months 


161 56
3 months 


159 54
4 months 
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In large sugarcane planta tion, the use of herbicides is resorted
 

to especially when labor for weeding'is 
scarce and the soil is too wet fol
 

mechanical and manual weeding due 
to frequent rainfall.
 

;Weeds are susceptible to the herbicides at the 2-3 leaf stage.
 

The herbicides should be applied in the early morning of a sunny day.
 

The herbicides can effectively control weeds .our hours after it has
 

been applied. In frequently raining areas, the "sticker" may be added
 

to the herbicide to minimize its loss.
 

In pre-emergence application, the soil should be thoroughly
 

prepcrqd so that the herbicide may be able to move in the wet soil and
 

inhibit germination of weed seeds. To economize in the use of herbicides, 

early post (2-3 weeks after planting) of Karnex (1.5-2 kg/ha) plus 2.4-D 

Amine (1 gal per ha) will suffice to kill young grasses, sedges and
 

broadleave weeds.
 

In fields where weeds are mostly Cleome or CErus, the most
 

economical with high return among 
 weeding methods is blanketing post 

emergence spray of 2,4-D (1 gal/ha) combined with two handweeding (2x)
 

along the rows and plow cultivation between furrows 
(Cruz, 1978).
 

One weeding in six weeks will give comparable yields in places
 

where weed species are mostly Portulaca or CLrus. This may be
 

different in grass infectcd areas (I'unzalan and dela Cruz, 1980). 

Another cheaper way to conurol weeds is to plant a fast growing
 

variety 
like Phil 6607 whose leaf canopy closses-in two and a half
 

months. With this variety less number of cultivation is n-.cdi,. Phil 

6607 was also observe.l to tolurat, weeds between rows which will eventually 

die due to shadln,'. Only weeds between hills and those close to the cane 

plant should be rusoved (Cruz, 1983). 
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PETLs LA1D DISEASES. 

ito the newly bred 

hybrids has rzde substantial succ. -,- in controlling sugarcane diseases. 

In the breeding program of the Philippine Sugar Commission, the newly

bred variety is recommended for commercial production only after'it has
 

downy dldew and leaf scorch':shown satisfactory resistance to smt, 

major sugarcane diseases in the Philippines today. The severity and che 

ecor.omic importance of yellow spot and rust diseases are being evaluated 

whether they should be included in the screening program. 

In as much as the different varieti-s differ in their degree of
 

resistance to a particular disease, two or more varieties of sugarcane
 

should'be grown in the farm to minimize loss in case of disease epiphyto
 

On account of. its high cost, the use of fungicides is limited
 

to treatment of seedpieces previously discussed under "Seedpiece
 

Preparation and Planting".
 

For pests, sugarcane borers is the most serious. Application
 

of five strips of Trichogramma sp (3000 parasite per strip) with
 

emerged eggs per hectare 4-5 times at weekly intervals lowers borers
 

infestation. Average parasitization on borer eggs of 70.35%per
 

hectare has been reported (Alba, 1981).
 

Infestation of armyworms and locust sometimes occur at certain
 

year. Blanket (total area) spraying of contact insecticide is 

recommended. Cleaning the surrounding fields may discourage the
 

multiplication of these pests.
 

In many soils, parasitic nematodes have been observed and may
 

reduce sugar yields under certain population threshold. Incorporation
 

of molasses, mudpross or filter cake, composted ougarcane bagasse all 

applied at 30 tons per hactaro can control nematode population. Chicken 

manure has nematode trapping fungi which nlso affect nematode population 

Band application nt planting time of Tomik at 3 ki a.i./hn; Furadan 3G,
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2 kg. ha; Nemagon, 6.6 kg/ha; Hostathion, 2'kg/ha and Basudin 5G, 3.k
 

ha suppress nematode population ani6'increase cane and sugar yield
 

(Reyes and Deguico, 1977).
 

Rodents have been observed to cause varying intensity of damagi 

from year to year. They showed prefereace for doft rind and sweet 

varieties of sugarcane. The incorporation of anti-coagulant
 

(Ratoxin, Racumin, Tomorin, evc.) in bait materials such as corn 

grits, roasted grat-.d coconut and broken rice have been effective in
 

controlling rat (ELtioko, 1981). 

IRUIGATION AND DRAINAGE
 

in some sucar-n 
 areas, there .is a distinct wet and dry
 

season. The newly plktnted cane points In the dry season 
may need
 

irrigation to initiat:cu gormination and early growth and development
 

of the young seedlings. Rapid stalk elongation starts 3-4 months
 

with maximum rate at 7 months. 
 Since this growth period is important
 

in tonnage production stress such 
as moistures should be avoided.
 

Four to seven irrigation during this 
)eriod will give substantial
 

production. 

In San Carlos, a mill district with low annual rainfall, about 

19 piculs were produced by irrigation over rainfed sugarcane 

plantation. The benefit/cost ratio was 2.5: (Caiitic, 197i). 

The field should be irrigated to field capacity the freqjeacy
 

of which will depend on the v-cather conditions and soil types. 

Irrigation water should be witheld about six-seven weeks before harvest 

Standing water in the field especially in flat areas should be 

drained. This is deleterious to the growth and development of the 

growing canes. Small canals are generally made in the field to drain 

standing water. 
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HARVESTING AND :CULTURE OF PATOONS 

Hdrvesting i one of the-critical operations in,sugarcane 

capital invested in all opeiationsfarming. The gain or loss in 

preceeding harvesting depends primarily on the tine of harvesting.
 

To get the highest possible sugar from the cane, the crop should be
 

harvested at maturity (Dosado, 1981).
 

Cane mnturity in a given set of conditions is determined by cane
 

variety. cultural practices, (ntrogen fertilization, moisture control
 

and ripener application) and climatic conditions (rainfall).
 

Maturity and Variety
 

Sugarcane varieties differ in their physiological
 

maturity due to their varying photosynthetic efficiency and
 

genetic characteristics. The age and season at harvest is
 

thoroughly discussed undLr "Varieties'".
 

Maturity.'and Fertilization
 

Late application of nitrogen will enhance vegetative
 

growth thus delaying sucrose storage, flowering and maturity.
 

Maturity and Moisture 

In luxuriantly growing cane, the moisture content of 

immature internodes is high. To hasten the physiological 

maturity of the cane, the moisture content should be reduced, 

cspecially when the. ctnes have attained the age of about rwel 

months. Rainfall occurring when the cane is ready for harvoi 

is undesirable because it lowers the brix and corresponding 

decrease in sugar. Delayed harvesting after a heavy rain cot 

cause inversion of sucrose and initiate re-.growth which will 

eventually reduce the weight of the stalk.
 

Use of Ripeners
 

The application of chemical ripeners 6-8 weeks before
 

harvest during the rainy season, when polarization is low increases
 

sugar quality (PC/TC). Polaris (5 k, a.i./ha), Embark (1.12 kg
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a.t'/h) 'and Glyphosate (0.3 kg adi. Hon 2129) were found
 

effective in increasing piculs sugar per :tor 
 cane. The ripenei 

tended to stop growth and enhance sagar storage.
 

Experimental results in Negros Occidental and Iloilo have 

shown an average increase in sugar quality of abou 20 per cent
 

for Polaris, 24 per cent for Embark and 26 per cent for
 

Glyphosate.
 

Delay in harvesting of ripenerh,applied cane field
 

however, may adversely affect sugar content. 

L-kALur±y uerermlnation
 

The domainant influence of climatic 
and cultural factors 

makes chronological age of the variety and unreliable index of
 

maturity. 
When these factors prevail, it is necessary to base
 

harvest time on some structural and physiological changes in 

the plant. With regards to these changes, 12-14 green leaves
 

and long internudes in the terminal portion indicate continued
 

vegetative growth. 
 These lorg internodes in the terminal
 

portion are filled with moisture and reducing sugar. The sugar
 

produced in the leaves are not being stored as recoverable
 

sucrose but is used as energy for continued vegetative growth.
 

When these characteristics are observed, harvesting should be 

done when the desired maturity has been attained.
 

The following are guides in ascertaining cane maturity: 

1. Brix reading by use of hand refractometer. Maturity
 

is indicated by a more or less uniform brix reading of the juice 

collected frotm the top, middle and basal portion of the stalk.
 

An immature stalk has high brix at the base and low at the middle 

and the top. The over-mature register high brix at the top and
 

low at the bottom. 

2. Visual observation. 
A cane field ready for harvest
 

exhibit these characteristics: 



A. 	 Yellowing of the leaves inrthe whole plant is 

uniform I I I I . 

b. 	The stalks becomes yellowish .. 

c. 	Internodes in the upper portion shorten
 

Harvesting Practices
 

There are two methods of harvesting sugarcane, bymsanual
 

operation and by machine.
 

Sugarcane in the Philippines is harvested manually by
 

cane knife or "machete". The base of the stalk is cut close
 

to the ground and the terminal portion is separated 6r removed
 

before the stalks are piled or loaded. Cutting the base as
 

close as possible to the ground is important because it
 

facilitate stubble shaving in the subsequent ratoon. Also,
 

sugar present in the base is recovered and not wasted. The
 

terminal portions or cane tops remoued from the millable stalks
 

are used as seedpieces for planting. The seedpieces with three
 

buds each are usually obtained from the terminal portion.
 

The 	cane cutters should separate the trash (dried leaves,
 

tops, dried stalks) fiom the stalks. When the trash is mixed
 

with the cpne during milling, sugar recovery is adversely
 

affected. The trash absorbs sugar and imparts impurities into
 

the 	Juice during milling. 

Cut canes should be hauled immediately to the factory.
 

Sugar content and tonnage decreases when milling is delayed.
 

Low of about 3.08 tons and 0.013 per hectare per day for tonnage
 

and PS/TC has been reported (Mercado a.tal., 1977).
 

Large farms resort to mechanical harvesting to enable
 

them to iarv2st all their cane fields before the dose of the
 

milling season. These farms usually do not have enought labor
 

force to do the 1'erveuting.
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'Beforeogoing from traditional to mechanical harvesting,
 

:,a thorough study of many aspects of the systa should be made.
 

.In mechanical harvesting,, it is necasssry that the field should 

be relatively level, well-drained, free from stones, tree stumps,
 

anthills and extrenous materials which may darage the base cutter
 

of the har' -er. The soil should be of lighter type, id grown
 

preferably with a non-lodging and self-trashing variety. 
The
 

furrows should be laid 1.5 meters apart, long enough for
 

efficient operation and provided with unplanted area at the end 

of the field to enable the harvester and the back-up transport
 

to turn around.
 

To be able to cut close to the base of the stalk, the
 

rows of the canes to be harvested should be slightly elevated
 

to minimize soil intake. This may be 
 done by hilling-up durin 

the last cultivation.
 

In harvesting, the blade of the harvester passes it the
 

base of the stalk; 
at the same time the upper blades cut the
 

top. The cut stalk is elevated by a roller and chcpped into
 

short pieces over a foot long 
 and dropped into a trailer or
 

truck following the harvester. Some lighter trash are carried
 

away by the blower. The machine could harvest about 29 
to 36
 

tons per hour.
 

On account of 
more surface area for moisture evaporation 

and dessication which caise tonnage loss, and to minimize 

souring due to Leoconostoc organism, the newly harvested canes 

should be milled within sixteen hours.
 

Practices To Avoid In Harvesting 

1. Burning of Canes Before Harvesting. Except in avoid&
 

circumstances or special cases, canes should not be burned befo:
 

harvesting. The death of the cells of the stalk as a result of 

burning caused the inversion of the sucrose content of the cane
 

reducing sugar  a form which cannot be crystalltzed. 
 ' 
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cana Juuu. ,. ,
In case burning cannot be avoided, burnt: 


harves ad immediately and milled within te shortest time possible. 

left uncut or standing in the field will 
continue absorbing

Burnt cane 

water 'fromthe soil which cannot be lost rapidly 
by transpiration 

because of the destroyed leaves.
 

Topping is the removal
 
2. Delayed Harvesting After Topping 

of the terminal portion of the stalk of 
the standing canes to secure
 

M:layed harvesting or long interval between
 seedpiecos for planting. 


topping and harvesting also results in sugar 
losses.
 

Milling canes with trash affects
 3. Milling of Trashy Canes. 


sugar recovery and imparts impurities in 
the juice. To minimize this,
 

some sugar mills are giving incentive allowance 
for delivering clean
 

canes to the mill.
 

BEFORE HAP.VSTESTIMATING SUGARCANE TONNAGE 

An estimate of tonnage before harvest is a 
valuable guide in the
 

For farm managers, it could
 
programming of budget, labor and equipment. 


be the basis for estimating the number of 
workers needed for harvesting and
 

the number of trucks that could accommodate the 
hauling of these canes.
 

A formula in estimating sugarcane tonnage is an 
follows
 

(Hombrebueno, 1981):
 

P (100-CF) where:
Estimated tonnage = 


the average number of millable stalks per square 
meter X the
 

P 

average weight of stalk x 10,000 square meters 
per hectare 

divided by 1000 kilograms per ton. 

CF - (Correction Factor) the expected losses expressed in percentage 

due to factcrs that may affect tonnage at the 
time the estimate 

was made. Yield constraints brought about by pests and improper 

stalk
 
cultural practices are already manifested in 

the weight of 


and should not be taken into account in this computation.
 

As an example, the following given:
 

- 12

Average number of millable stalk per square meter 
a. 

- 1.02 kgb. Average weight of stalk (Phil 56226) 


a. Correction factors 
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Rai dAmage - 8% 

Missing'hills - 117,
 

Lodging canes - 3%
 

Estimated tonnage 
 12m 2 
X 1.02 kg X 10,000 (100-22)
 
1000
 

122.40 
(78%) - 95.47 tona/ha
 

CULTURAL PRACTICES FOR IATOON 

In view of the high cost of inputs and fossil fuel, the cultu
 

of ratoon has generated interest atuong the surarcane planters.
 

Ratooning reduces cost of production by eliminating land preparation
 

and cost of canepoints used in planting a new crop. 
 Practices
 

generally adapted for a successful ratoon cEop production are as
 

follows:
 

Choice of the Variety. 
 Varieties differ in their persistence
 

in producing high ratoon yields. 
Varieties that are susceptible to
 

systemic diseases that are likely to be carried to the ratoon crop
 

are not desirable for use 
in the ratoon. Varieties which produced
 

high tonnage in the ;llant crop and have good germination in the ratco
 

crop are reconmmended for ratooning (Dosado et al., 
1977). In recent
 

studies at the La Granja Sugarcane Experiment Station, satisfactory
 

yields were produced when Phil 56226 and Phil 6607 were ratooned
 

twice and Phil 6723 three tines. These data were obtained in plots
 

without replanting (liayo 
and Dosado, 1985).
 

Trash Disposal. Before growing a ratoon crop, the trash of the
 

previous crop is disposed off by burning or trash mulchihg. Burning i 
the easiest and cheapest way of disposing trbsh. In the process, it
 

destroys sources of pests and diseases found in the trash. 
However,
 

the organic matter in, the soil is destroyed. Trash mulching is the
 

piling of the trash in alternate rows or applying them as blanket covei
 

This practice conserves soil moisture, reduce surface run-off of
 

p 
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and minimize soil erosion during heavy rains.. Despite of these
 

advantages, the practice is not widely done because of high labor
 

cost in preparing the field. And in areas where drainage is poor,
 

the trash interfers with the disposal of excess water and impedes
 

evaporation.
 

Stubble Shaving. After canes are harvested, there remains
 

under the ridge a portion of the stool or stubble where new crop
 

emerges as ratoon. For a vigorous ratoon crop, the exposed portion
 

of the stubble or even part of the underground portion is cut or
 

removed. This is known as stubble shaving. The stubbles are
 

shaved soon after burning of the trash or after trash mulching. Delay
 

in stubble shaving have been reported to reduce sugar yield. In the
 

absence of a stubble shaver, a sharp "machcte" can -beused for stubble
 

shaving.
 

Cultivation, Weeding and Fertilization. After stubble shaving,
 

the soil is plowed away from the base of the stubble into the
 

interspace between the rows. This operation cuts off most of the
 

old roo's, allows aeration of the soil and induces the formation of
 

the new roots.
 

Immediately after the off--barring, the fertilizer in the ainunt
 

similar or a little more than the plant crop fertilizer recommendation
 

are applied along the rows and covered with soil. Replanting of
 

missing hills with chipped tillers from neighboring hills with large
 

number of tillers are made when moisture conditions is favorable. If
 

cane points are used, they should be planted in the maissing hills with
 

the use of "tama" or pointed iron imnediately after the stubble shaving
 

or as soon as the missing hill is identified so that it will mature
 

at the same time with the ratoon.
 

Subsequent cultural operations will be hilling-up and off-barring
 

and weeding depending upon the prevalence of weeds with the final
 

hilling-up before the cane leaves canopy closes-in.
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Harvesting. Ratoons denerallyattain physiological maturity
 

faster and should be harvested earlier than the plant crop.
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INTRODUCTION 

Cassava (Manihot esculenta Crantz' ranks eight as a carbohydrate 

source in terns of hectarage after rice, maize, barley, sorghum, millet, 

potatoes and rye (FA07,1984). Of the 14.9 million hectares devoted "to 

cassava, about 54, is in Africa, 27% in Asia and 17'0 in South America. 

Table 1 shows the area, production and averaie yield of cassava in some 

Asian countries. Thailbnd, Indonesia and Viatnam are the three b.iggest 

froduciro of cassava. 

Cassava is largely used as humen fod (about 65%, animal feed 

(18%) and industrial use and starch (5.5-)(CocY, 1.985a). It is one 

of the most efficient starch n'ocedures. Cassava roots contain 20 

to 40% dry matter about 135V of which is starch. 

Cassava has no great advaetrga over other crops under optimum 

growing conditions but its yield potentia. exceeds those of other 

crops under suboptimal conditions. This is ?'robablv the reason 

why cassava is mrnctly grown under maFrinal conditions. 

In Asia in general (with the ex:ception of Thailand) cassava 

is produced by marginal subsistence farners. A few areas devoted to 

the commercial productinn are more of the exception rather than the
 

rule. Thus, the emphcsis of this paper is more on the low-input 

technologies which are more applicable and appropriate for use by 

small cassava farmers.
 

I/
 
Paper presented at the XIV International Forum on Soil Taxonomy and
 
Agrotechnology Transfer for the tASEAV region, held in the Philippines. 
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ADAPTATION 

Cassava is adapted to diverse agroclimatic conditions but 

when not grown under favorable conditicsnaturally yield is affected 

In the
It grows best at temperatures ranging from 25
0C to 290C. 

tropics, this is not much of a problem except in high altitude areas 

where temperature is low. At temperatures of 10 0 C and below growth 

and development is inhibited.
 

In areas where rainfall is uncertain and where long dry
 

periods are experienced, cassava is a low risk crop to plant.
 

However, it does best in areas where rain of 100 to 150 cm is well
 

distributed throughout the year.
 

the grwth and yieldDaylength and solar radiation affect 

Short-day conditions promote storage root initiation.
of cassava. 


Long days promote stem growth and reduce storage root yield 
due to
 

the limitation of assimilate upply to the roots. Twelve hours 

daylength is reported to be optimum for cassava. In the tropics 

not be anwhere daylength varies minimally, light durat.ion may 

important factor in determining yield. Light intensity however 

causereported that 60% shadinggreatly affects yield. Wyte (19-5) 

of the 1ationa] Cooperative Trials 
a 36% yield reduction. Results 

show that yield is
in the Philippines (unpublishe& data)in Cassava 

reduced by about 50% under coconut where liCht penetration 
is also
 

There are however varietal differences and therefore 
the
 

about 50%. 


At PRCRTC we are
chance of Finding a tolerant variety is reat. 


for shade tolerance since there are on 

many coconut areas where cass3v- ir groiwn. 

currently working screening 

the crop. Standing water of
Waterlogginp if; detrimental t 

days can wipe nut the whole crop due to the rotting
even just a few 

in permeable soils.
of the roots. Thus, cassava should be groom 

cassava are shown 
Other soil characteristics favorible for growing 

in Table 2.
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Since most of the good soils are reserved for the more high
 

valued crops, cassava has to be grown under more marginal conditions
 

where it has a comparative advantage over other crops. To get a
 

good yie]d'however, it is necessary that light and drainage conditions
 

be favorable.
 

CULTURAL MANAGEMENT 

Land Preparation
 

Like any other corp, cassava needs a well-prepared land to
 

insure-ood~establishment and t6 nininize weed competition
 

especially during the early stages of growth. In general, one
 

plowing and- harrowing is adequate for areas just previously 

planted. Depending on soil tilth and weed incidence, two to 

three plowings and harrowings maybe necessary for newly-opened 

or fallowed areas.
 

Land preparation practices are influenced by climate,
 

soil type, vegetation, topography, degree .,f mechanization and
 

other agronomic practices. In nev forest clearing, no land
 

preparation is required except cutting down of vegetation and
 

burning before planting is done In areas wh,.re ebaL$;ation is
 

available, land is ploed and harrowed/disked with animal or
 

tractor power. In areas subject to waterlog ing, ridges or 

mounds are constructed to prevent rotting of casBava roots and
 

death of the plants. 

Depth of plowing may affect root yield especially for 

heavier soils. In lighter soils, depth of plowing from 20 to 

20 cm Od not significantly affect yield (Toro and Atlee, 1980). 

Viilamayor (1083) also found nc advacta q Jn preparing th4 soils 

deeper than 20 cm. 

Variety Selection
 

Although cassava as a crop has wide adaptability, its 
 2 
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it is necessary to plant varieties that art most suitable in a 

particular area. Regional trials provide the necessal,
 

information on the suitability of a given variaty to a v rticular 

set of environmental conditions.
 

A good cassava cultivai, is characterized by high yield, 

resistance to pests particularly the mites, high starch content, 

early hariest, low hydrocyanic content and good eating quality.
 

Present recommended varieties in the Philippines have yield
 

potential of about 40t/ha under cxperinent stations even
 

without fertilization.
 

The use of modern or new cultivars are shown to be better
 

than the traditional ones even under the system of management
 

of the farmers (Table 3). 

For those who are interested in selecting an ideal 

variety to be used under good gro;:in3 cecnditions, Cock (1985b) 

listed the following charactristica: late branching at 6 and 

9 months after plantin;g" without suckers or sidelxarchva; l&Ie 

leaf size (ca. 500 cm 2/leaf) at :U iionths after planting; leaf 

longevity of about 100 days" h.wvest index greater than 50%: 

leaf area index between 2.5 aun 3.'3 for most of the -,rowing cycle 

nine or more roots per plant whein 7.lanto d at 10,000 plants/ha' 

and each plant with tw,-omain shoots from the original cutving. 

Selection and Preparaticr of Plant-nF, laterials 

The use of good 7.L-ility planting materials is a very low 

input technology that is easy to adopt. To insure good yield 

zre free fromi insect pests and diseases,only cuttings that 

mature, fresh and s lecte from vigorously growing plants 

'? ihow how the quality inshould be used. ables 4, 5. 1) and 

terms of nutrition, insect pest, \,i;,ur, and freshness of the 

cuttings affect the yiel teri_,mance, r'espectively. 

1AIi 
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The length of the stein cuttings varies from 20 to 30 cm 

depending on the number of nodes. There rhould be at least 5
 

nodes per cutting to have a better chance of sprouting and
 

survival. Cuttings which are too long (ca 50 cm or more) or
 

too short (10 cm) do not perform as well as the 25 cm cuttings
 

(Tables 8 and 9). 

Stems to be used as planting materials should be at 

least 6 months old. The best part of the stem to use is the
 

middle part, the terminal part being tnoc young (dry easily)
 

and the basal part too old (linified with little reserve food:
 

A guide to the maiturity of the item as a planting material is 

size of the pith (central soft portion) relative to the total 

cross section of the ster. The pith's diameter should be 50% 

or less than the total diameter.
 

Stems which are tvo thin should not be used. As a 

guide, the thickness of the stem should not be less than half t
 

regular size ,f the v.trietv. When the stems are thin not becnu 

of poor growing conditions but because of cultural practices su 

as in high density planting the sce.s may be thin but thcir 

performance is not affected (Tahlc 10). 

If stored stems have to be used, the stems should be 

properly satrzd to maintain its viability and yielding ability. 

Table 11 showed that a properly stored cutting can still be 

used as planting materials. In usin2 stored stems, only those
 

with enough moisture content should be useC. A stem has 

sufficient moisture if upon cuttingZ, the latex appears within 

three seconds. Th* germinated and rooted parts should be 

discarded.
 

Before storage, dipping the lone selected stems in a 

fungicide-insecticide mixture (Table 12) is recommended to 

prevent insect and disease attack. Thu stems are bundled
 

I 
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positioned vertically with buds facing up on 
top of the seil 

of F-* q0% and 
in a well-ventilated area with relative huniitiic' 


protected from direct sunlight.
 

Planting
 

In places where rainfall is distributed 
uniforrlv cp'sava
 

.I.is
 
can be planted anytime. In the presence of a dry periou 


usually best to plant at the onset of 
the rainy season (Ttblu 13)
 

since yield is reduced when planting 
is delayed towards the dry
 

season.
 

When the growing conditiohs are favorable, 
the position
 

uncertain 
of planting is irmnaterial. However, when rainfall is 

it is best to plant horizontally in rhe 
furrow while in the
 

presence of tco much riin it is better to 
plant vertically
 

and rotting of the cuttings, 
on ridges to prevent the drying 

Only one cuttinf pm,hill is planted. Depth of
 
respectively. 


5 to 15 cm (doesnot affect yield (Table

vertical planting from 


plantd diagonally, horizontally,

I4). When the cuttings are 


but the whole stem is
 or vertic;.l>1in inverted position 


When this

there are undervnound shoots that arise.

buried, 

and thesebecomu storage organs
happens, the uaderground stems 

The quality of these storage
 are not attractive in the market. 


is also not known.
orgrans 


The planting density/spacing seems 
not to affect the 

p(r hectare (Tables 15 ari: 16).
29,000 plantsyield from 7,000 to 

yield decreasedthat the marketablea trend however,There is 


16). Mhen the density

with increasing plant clensity (Table is 

root yield is "1ecreased but stem yield
 too bigh (Table 17), 


1 i-: 1Aation density planting is a 
is increased . Thus, the high 


for massivo cuttinT prcdution.
good strategy 

fertile and the variety is not
 Mhen the soil is not 


branchy, the population density should 
be higher, about 20,000
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plants per hectare. On the other hand, In fertile soil and with
 

vigorously branching varieties, the lower population density
 

should be used, about 10,000 plarts per hectare.
 

When missing hills occur, it is not necessary to repla
 

if it is less than 30% and randomly distributed (Villamayor a
 

Labayan, 19CLI). If replantinE is to be done. it should not b
 

more than two weeks arter planting!to be effective.
 

Weed Control and Cultivation
 

Cassava in very susceptible -,,
weed competition during
 

the early stage c$ dcvelopment when the canopy is not yet 

closed. This period usually lasts foi, 2-4 months depending 

on the growing conditions Under experiment station where 

the soil is not so poor. the critical period of weed control 

is about two months (Table 1i). This means that the weeds 

should be controlled within this period to get the maximum
 

benefit.
 

Weeds are usually controlledi mnually (handwoeding) 

when labor is not a prnblem. Oftentimes however, labor is 

scarce and farmers usually control -,weeds tbrough cultivation 

(off-brin, afid hillin-up) with minimum handweeding (Table 

Cultivation, aside from contrnllini .,weeds also loosen thr, soi 

which is beneficial for the ,7ev.loino rtorae roots. When lI 

is really very scarce, Farmers plant cassava in a square mann 

so they can cultivate in perpen:!iculbr dirrctions. 

There arc other wars of controlling weeds. One is to 

use higher population density to lessen the time from plantinj 

to canopy closure. Another m.thr.- is t,. intercrop with short
 

maturing crops which cover the 1.round when the cassava plant 

still small to compete well with the weeds. 

ror cassava plintations where labor is expensive, 

.mechanical cultivarors are also usa: to control the weeds. 
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Herbicides can also be used effectively and economically. A 

mixture of diuron and alachlor applied before ca!S'VP :vP:'.Ce 

b effective while a now premergenccis found to 

elimi'uate the nee2 ioroxifluorfen mixed with alachlor may 

any handweeding (Cock, 1985b).
 

Irrigation
 

Although cassava is a drought tolerant cop, its yield 

Cassava
is also reduced when rainfall is limited (Table 20). 

is especially susceptible to moisture stress during the 
first 

are still developingtwo months of growth when the root-

rapidly. A two-month period of water stress from one to three 

months and from 3-5 months a'ter planting reduced the cassava 

while at 5-7, 7-K, and 0-11 months, the

yield by about 60 


yield is reduced by only about 1W. fince cassava is a low

valued crop, irrigation might not be economical. 
Thus, the
 

best way to prevent water stress is to plant at the 
onset of
 

the rainy season.
 

Fertilization
 

Since most cassava aras au'e marginal it is expected
 

that it will respond(to fertilization. Table 21 shows
 

dramatically the effect of fertil.z:t-ion in farmers 
field.
 

income was highest under full fertilizationIn fact, the 

(Vil]am Yr, unpublished data).
 

In more fertile areas, cassava ,des not show any 

At the "PCFTC experimental field 
response at the beginning. 


cassava 1-ives a yield

which '-as formerly plAnted t.,ri, e 


years without

of 30-40 t/ha in 10 months for abut ,ive 

sasia y:,j.- is only half that much 
fertilization. Presently, 

m. response toon although clore was 

i'..4o e-fici nt :h extracting 

without fertilizati 
r

fertilization initially. cass'aV-i 

,ie~l 6eclines without fertilization 
nutrients from the soil that 


is prcbolbly the
(Table 22). This
under continuous croppin, 
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reason why cassava i known as a nutrient depleting crop.
 

However, comparing cassava with other crops, it does not 

extract more nutrients than potatoes, beansmaize or rice
 

except perhaps for potassium in the case of maize anO rice
 

(Table 23). 

Usually, cassava occupies thc last crop in a cropning 

sequence before fallowing. This i T.robably one reason why 

cassava is labelled as a nutrio-nt cleprlting, crop. If 

nutrient depletion will be based on the total yield, it is 

true that cas3ava oxtracts a larre iriount of nutrient but 

that kind of eoparison is unfa.ir. A fairer basis of 

comparison is the amount of nutrient removed per ton of dr

matter produced as showm in Table 22.
 

Vost farmers do not apply fertilizer to cass-va because 

of Peconomic constraints For these 1'arners it is better to
 

recommen' cro rotation especially with legumes or fallowin

to minimize nutrient deplction and imbalance. The use of 

Drganic fertilizer is als- roc-mmendefA whenever practical and 

iconomical.
 

For farmers who can afff-re:l to fertilize, fertilization 

is recommended to maintain the soil trorluctivity. Since the 

ecOmmen ed imount depends on agrnclimatic conditions, a 

.ertilizer trial has to be conducted. to determine the 

;conomical levels. Tables 24 and 25 provide a guide when the 

rnobably how much to fertilize. 

'est Control
 

rIn the Philippines, one c the ',easons nentioned by 

'armers for plantin, ca-;sava i it- resistance to pests. In 

'eality, there are many; ;'ests offecting cassava. Fortunately, 

n most Asian countries only i few are sdrious. 
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Two species of spider mites, Totranychus tclarius 1. -:1d
 

T. kansawai Kishida, are considered serious pes~ts c 

during the dry season. They suck the plant saD fr 

undersurface of the leaves and the infested leaves . ly 

turn from yellow to . brotm before falling off. Yield lcsSi 

is high when severe infestation oc-culs duping store,- rc.--t 

and early blilking state (2-4 months after phuit-hn.formatio 

re stripping and burning QfRecommended control measures -.


affected leaves, use of clean cuttings and resistant varieties,
 

of growthand timing of planting such thc-t the critical stage 

does not coincide with the peak of mite population. The use 

of resistant vFrntis cnd bi,,lovica! c,,ntrol measures are 

still tc be developed under Arain conditions. 

is becoming senrivas especiallyAnother pest which 

under continuous cassava cultivation are the scale insects 

(still unidentified in the Fhili,'pines). They suck the sap 

from the stems which make ther. unfit for planting due to 

Tbilit!. The ua: of resistant varietie:; andreduced sprouting 


control measures.
clean Dlantin}T materials are roconT&ee 

Several varieties aro observed to be resistant to tho! insect.
 

can also h. controlled chemically but since chnicalThe insect 

are r.rely used by fn-rers the pctential of botanical insecticid 

as a control measure should he explored. 

Amonp the cans.-va diseases. the cassava bacterial blight 

(Xanthomonas mrnihotis) (.rthiud-Plerthet) Starr is the most 

the wetserious and Iestructive e,',ec iaiv iirinj season.
 

ire an;uLar leif spotting and hlight,
Symptoms of the iease 

m ste --nr r-ot '.'Vu].arwilting, die-back, -"ra exurir 


et al. ). . Tt ] vie d loss ccurs when
necrosis (Lzrin, 


infection is sever,. . The u:we re;ist'It variet'Ie c-u!led
 

nelirinai:m ofwith cultural Tractices like wider sPacing, 
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infected plants and use of bacterial-free planting materials
 

are the most prc.nising control measures.
 

Harvesting
 

For subsistence farmers, the age of harvest dces not
 

natter much as long as they gel sizeabGl roots to eat. For 

those who grow the crop for business, the cron should be 

harvested at the right time to get th(l maximum benefit. If 

harvested early, yields will be low and if harvested late, 

the starch and dry matter conteint niy be low. In addition, 

starch content ,ncl.iros marke 11y ,iL the onset of the rains 

following a c', season. 

The right age o harvest also lepends on the variety. 

Table 26 shows In months to be the ontimum harvest age if the 

only consideration is the root weight. However, the quality 

of the roots alsj, affect th,- le.51*n when to harvest. To 

determine the bst tiie to h. ve:t pull out .-, few sample 

plants ranonMly in the ?i'eld ari- ev-iluate the eating quality. 

If there is no more increazo ir. yi.-iA and the quality is 

alright, the crop may he harvested.
 

For the fresh maroet ,rynl the needed amount shoul' he 

harvestcvd at anny one time since t:he roots deteriorate very fast 

within two to three daTs after li~rventing. In this case stagger 

harvcsting fr-m one end -if the field to the other end Chould 

be practiced on" Ilrit the hairvestei anrea can LO immediately used 

for other crops if desire]. 

ft harvest, the to-ns are usually cut leaving a stum about 

30 cm lon..- for i,rasrin!: (luring u:,r .tiiiv of the plant if the 

soil is harrd harvestini; -i(a t,;,t -.rasps the stem as it is raised 

make ti.e c;per-ition less ;:-ic1lr. 

If cassava is to be -ror'ssed into chips, harvesting has to 

be done during the dry senson %;inceartificial drving is expensive 

-. d uneconomical. 
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Table 1. Area, Production and Average Yield 
of Cassava in some
 

Asian Countries. 
AREA , PRODUCTION -YIELD 

C O U N T R I E S I (103) 1 (103 MT) I (MT/ha) 

Indonesia 
1,q0 13,770 9.84 

Malaysia 
35 375 10.71 

Philippines 
210 2,300 10.95 

Sri Lanka 
62 570 9.19 

Thailand 
1,300 17,000 13.08 

Vietnam 
485 2,700 5.57 

Source: FAO, 1984. 

Table 2. Soil characteristics for cassava production.
 

MARGINAL RANGE
OPTIMiUM RAiGE
CHARACTERISTICS 
8-15%
0-8%
Slope 


Moderately well-drailned
Well-drained
Soil drainage 
 to excessively drained
 

Sandy loam to kaolinitic
Silt loam to clay
Soil texture class 
 clays
loam 


-Inherent fertility level 	
Low
 

2-4 mmho/cm
0-2 mmho/c
Salinity 


4.5-8.2
5.2-7.0
pH 


1-10%
0-1%
Calcium carbonate content 


Source: PCARRD Technical Bulletin !To. 19-A 

Table 3. Yield of a traditional ind a new 
variety in trials managed by
 

farmers with different skills and 
under different technology.
 

PoorGOODAND VAPRIETYTYPE F TECH1OLOGY 

(t/ha) 
Traditional 


6.1
10.0 

Secundina (old) 	 9.6
20.5 

C1 3112-170 (new) 

Improved but no fertilizer
 

11.5
16.5 

Secundinn (old) 	 19.7
21.4 

CM 312-170 (new) 


Source: Cock, 1985c
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Table 4. 	Effect rf Fertilization of Mother plants usod for Stem Cuttings
 
on Yield of Daughter. Plants.
 

FERT.TtIZER TREATMENT (kg/ha) FRESH ROOT YIELD AND 
H p K DAUGHTER PLANTS (T/ha) 

o o 19.1. 

100 0 0 	 26.1 

0 n7 0 	 29.2 

0 125 23.7
 

100 87 125
 

Source! 	 CIAT (1981)
 

Table 5. 	Sprouting 111days aftor plintin5 and total root yield at 7 
months after planting of scale trsect-infested cAssrv (cv. 
Golden Yej~Aw) cuttings soaked in insecticide solution before
 
planting.-

SPROUTING ROOT YIIELD 
2 )KIND OF CUTTING (0") (kg/4.5 n

Healthy (no visible scale-insect lO0.Oa 5.9a 

Scale insect-infested (soaked in insecticide
 
solution) 35.Ob 5.8a
 

Scale insect-infested (unsoaked) 	 25.Oc 3.8i
 

1/ 
Within columns, means follr'wed by 1 common letter are not significantly 
different (LSD, 5%).
 

SOURCE: Villamayor and Perez, 19,S
 

Table B. 	 Effect of positive mother plant selection cn yield of daughter 
plants (t/ha) 

MOTHER PLANrS MEDIA LUNA CAPIMAGUA CIAT 

High yielders 24 12 16 

Low yielders 18 9 11 

SOUPCF: CIAT, 1982 
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Table 7. 	Sproutin7 and yield 5 cassava (cv. Golden Yellow) under different storage
 
method and duration.-


STORAGE DURATION (MONTHS) 
T R E A T M E N T S SPROUTING' YIELD !SPROUTINGJ: () I (% (% ; IELD ;SPROUTING' YIELD%) : % % 

Position of storage 

Horitontal 05.0 93.0 99.1 73.0 96.3 53.2 
Vertical 99.1 91.3 100.0 60.3 90.7 51.2 
Inverted 100.0 102.7 100.0 63.1 91.7 51.0 

Location of storage 

Shade 98.1 95.1 100.0 68.9 98.8 59.3 

Open 93.1 96.3 99.4t 62.0 37.0 53.6 

I/
 
Sprouting; 	and yield are expressed as percent of control (fresh cuttings)
 

SOURCE: Villamayor and Perez, 1993
 

Table S3. Root yield, uumber of branches and harvest index of cassaa (cv. Golden 
Yellow) as 	affected by the length of cutting at plantirr and harvested 
eight months after plP.nting. 

RFOOT YIELD I BRiNCH I HARVEST 
LENGTH OF CUTTING 	 t/ha) I (f/plant) Index
 

Whole stem (ca Im) 17.8c 3.7a 0.30b
 

Half of whole stem (ca 0.5m) 21.7b 2.6b 0.37b
 

Normal length (25cm) 34.PO-. 1.4c 0.50a
 

Within columns means with common letters are not significantly different (LSD, 5%
 
level)
 

SOURCE: 	 Apilar and Villamayor, 1991 

Table 9. 	 Effect of length of stem cutting on cassava yield 

C7 CUTTING 
(cm) (No./plant) (Z/rot) 

.LENGTH 	 RoTS WEIGT 

10 	 4.3 5 269 

25 	 5.93 333
 

SOURCE: 	 Villanueva, 1985
 

Table 10. 	 Stem diameter, germinatioll and yield of cassava (cv. Golden Yellow) produced
 

at different population densities and harvested 6.5 months after planting-


POPULATION STEM DIAMETER SPROUTING YIELD 

(PLANTS/IHa) (Cm) (%) (T/Ha) 

13,333 1 ,G6'a 9a 2'4.4a 
17,777 1.42b 92a 2. la 

24 .0a26,666 	 1,J6h 90a 
53, 333 	 1,06c 97a 24.3a
 

1/ 
Within columns, means with common letlers are not significantly different (HSD, 5%level)
 

"
 SOURC: Villamayor, Io
n
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Table ii. Effect of storage duration on growth and yield of cassava
 
with cutting treated with fy~gicides before storagp all,
 
kept under 	a bamboo canopy.-' 

STORAGE SPRCUTING ' WEIGIT C0'O' 'ief
 
DURATION (%) OF TrPS (T/HA:
 
(DAYS) (T/HA)
 

0 lOOa 33a 25b
 
60 1Oa 32ab 30a
 

lOOa 30b 24b
 
180 98b 2C9b 	 27ab
 

1/
 
Means followed by the samp letters are not significantly different
 
(DMRT, 5% level)
 

SOURCE: CIAT) 1980
 

Table 12. 	 Three p esticide mixtures for stake treatment.before storage
 
or planting.
 

RVrL (A.MOUNT OF 
TRADE NAME COMMON NAME COMMERCIAL PROD 

PE LITER OF WA 

Formula No. 1 

Dithane M-22 maned 2.22 g
 
Antracol propineh 1.25 g
 
Vitigran 35% copper oxychloride 2.00 g
 
Malathion W.P. 4% malathion 5.00 g
 

Formula No. 2
 

Malathion E.C. 57% malathion E.C. 1.5 cc
 
Bavistin W.P 50% carbendazim 6.0 g
 
Orthocide W.F. 50% captan 6.0 g
 

Formula No. 3
 

Orthocide W.P. 50% captan 6.0 g
 
Bavistin W.P. 50% carbendazim 6.0 g
 
Aldrin 2.5% aldrin 1.0 g/stak
 

SOURCE: Cock, 1985 b
 

Table 13. 	 Effect of planting time on yield of cassava.
 

PLANTING DATE 	 YIELD (T/HA)
 

May 	 39
 

June 	 40
 

July 	 36
 

August 	 31
 

September 	 27
 

October 	 22
 

SOURCE: Villanueva, 1-55
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Table 14. 	 Effect of planting depth on cassava yield.
 

YIELD (T/HA)
PLANTING DEPTH (CM) 


29.71
 

10 

5 


29.26
 
28.17
15 


Villan ,eva, 1985SOURCE. 

Table 15. 	 !;ffezt of spacing on cassava yield.
 

SPACING (CM X CM) PLANTS/HA YIELD (T/HA) 

CO x 69 27.777 26.63
 

60 x 100 16,666 29.39
 

80 x 100 12,500 20.12
 

100 x 100 10,000 29.42
 

120 x 120 6,944 25.55
 

SOURCE: Villanueva, 19 5
 

Table 16. 	 Root yield of cassava (cv. Golden Yellow)at different plant
 

population densities averaged across time of harvest. 
/
 

rACIN 2/ MARKETABLE TOTAL 

POPULATION BETWEEN HILLS-- YIELD YIELD 

(PLTS/HA) (CM) (T/HA) (T/HA) 

13,333 
15,000 
20,000 
25,000 

10.0 
66.6 
50.0 
40.0 

24.1 
23.5 
20.9 
19.1 

29.0 
29.4 
27.4 
28.3 

1/ 
No significant differences among the treatments
 

2/
 
Distance between rows is 75 cm
 

SO'JRCE: Villamayor and ;ctri a,lq32 

Table 17. Effect of spacing on root and stem (25 cm) yields of cassava.
 

STE11 YIELD
PLANTING SPACE NUMBER O ROOT YIELD 
(T/HA) (CUTTI"GS)
(CM X CM) (PLPJNTS/HiA) 


113,000
100 x 75 	 13,333 25 

15 322,000
25 x 75 	 53,333 


SOURCE: Villamayor, 1981
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Table 18. 	 Effect of time and duration of weed control on cassava (cv.
 
Golden Yello.) yield.'
 

T R-E A T M E N T 	 YIELD (T/HA)
 

Handweeded (HW) for 2 weeks from planting (.FP) 17.64 
HW for 4 WFP 20.56 
HW for 6 WFP 27.93 
HW for 8 WFP 30.18 
Handweeded control 29.60 
HW from 2 WFP until 1000 cover 27.24 
HW from 4 WFP until 100% cover 24.62 
HW from 6 WF until 100% cover 10.62 
HW from 8 WFP until 100% cover .18.83 
Unweeded control 10.15 

SOURCE: Escusmo, 1978
 

Table 19. 	 Yield and income under different cultivation/weed control
 
treatments in cassava (cv. Col.don Yellow) and harvested
 
6.5 months 	afte3r plantin;. 

1/ 2/ 3/ 
TREATMENT YIELD (T/iA) MET RETURN ( ) ROI 

OB 2WAP plus IIWVP, and 24.Oab 5840 2.27 
HU 4 WAP 

OB 2 WAP plus HU 4 and 22.0b 	 5490 2.36 
6 WAP
 

OB 2WAP + HWWR 3WAP 30.3a 	 8210 3.02 
+ HU 5 and 	7 WA; 

1/
 
OB - off-barring; WAP - weeks after ilaiitirg, HU - hilling-up, 
HWWR - hand weeding within row 

2/ 
Means followed by common letters are not significantly different 
(LSD, 5%) 

3/ 
Return on investment
 

SOURCE: Villamayor and Reoma, 1983 

Table 20. 	 Root number and weight of cassav-i roots (cv. Golden Yollow) 
under moisture stress (155 mm of r:iin in 5 icath). 

ROOT WT. 
T R E A T ME N T P'OT NJO./PLANT (KG/PLANT) 

Control (rain dependent) 	 12.7 b 2.4 b
 

Watered 3.5, 4.5 and 5.2 months 11.3 a 3.4 a 
after planting 

Within columns means followed by i comr.on letter nre not significantly
 
different (LSD, 5%)
 

SOURCE: Villamayor and Destriza, 19w;. 
L1 



Agronomy for ....20
 

Table 21. 	 Root yield (t/ha) of cassava (cv. Golden Yellow) eight 

months after planting as affected by fertilization level 

breed bn soil analysis of four locations. 

L 0 C A T I 0 N
FERTILIZATION 

MAHAYAG 	 IGA',G KABALASANAPPLICATION tMAGANHAN 

9.0 '3.14 20.08 4.9
Control (no fertilizer) 

21.7 14.0
10.3 16.3
1/2 Peccmmend1eJ level 


Full fertilizer recomnendation 20.0 10.8 26.8 15.5
 

SOURCE: Villamayor, unpublished data
 

Table 22. 	 Effect of continuous cropping on yield of cassava.
 

YIELD (T/HA)CROPPING SEQcUNCE 

40.6
First 

37.5
Second 

25.6
Third 


SOURCE: Villanueva, 1965
 

of Dry Matter HarvestedTable 23. 	 Nutrients Extracted by Various Crops per Ton 

NUTRIENTS 
N P K TOTALCROES 

6 1 11 18
Cassava (roots) 


17 3 26 46

Potatoes (tubers) 


26
19 3 4
Maize (grain) 

3 3 22
16
Rice (grain) 


37 3 22 62

Beans (grain) 


SOURCE: Howeler, 1985
 

Critical Levels of Soil Parameters f r CassavaTable 24. 


METHOD Or AUIALYSIS*
CrITICAL LEVEL
PARAMETER 


1:1 Soil-water ratio
'4.6 - 7.0 

IN K Cl


pH 

Al (me/100 	9) 2.5 


30 	 Al/(Al + Ca + Mg +K)
Al -sat (%) 
7 - 8 	 Bray 1
P (ppm) 

6 -10 Bray II
 

b 
 Olsen - EDTA
 
North Carolina
9 


NH4 - acetate
K (me/l00 g) 	 0.09 - 0.15 

0.17 	 Bray 11
 

North Carolina
0.15 

NH4 - acetate


Ca (me/lO0 	g) 0.25 

Saturation 	extract
0.5 - 0.7
Conductivity (mmhos/cm) 

NH4 - acetateNa - saturation (%) 2.5 
North Carolina
Zn (ppm) 	 i.0 

North Carolina
Hn (ppm) 	 5 - 9 


fBray I 	 = 0.025 N HC) + J.03 N NHI4F
 

= ).I N HCI 1 0.03 IfNH4F
Bray Ii 
= 0.5 NiN'aHC03 + 0.01"M Na-EDTAOlse -EDTA 

= 0.05 N HC1 + 0.025 N j So7North Carolina 

= 1 N HH4 - acetate a tIH4-acetate 


SOURCE: Hcwler, November 19n5 
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'able 25. 	 Nutrient Concentration in Youn.est ilUily-Expanded Leaf
 
Blades of 3-4 months old cassava, corresponding to Various
 
Nutrient Status of the Plant
 

NUTRIENT STATUS
"E'L J L DEFICIENT fLOW - SUFFICIENTI HIGH TOXIC 

N (%5 (4.7 4.7 - 5.1 5.1 - 5.8 >5.8 -

P (%) <0.30 0.30- 0.36 0.36- 0.50 '.0.50 -

K (%) <1.0 1.0 - 1.3 1.3 - 2.0 > 2.00 -

Ca (%) /0.65 0.65- 0.75 0.75- 0.85 > 0.85 -

Mg (%) <0.27 0.27- 0.29 0.29- 0.31 > 0.31 -

S(%) 0.24 0.24- 0.26 0.26- 0.30 > 0.30 -

B (ppm) (2n 20- 30 30- 60 60-100 > 100 

Cu (ppm) <.5 5 - 6 6 - 10 10 - 15 , 15 

Fe (ppm) <1r0 100 - 120 120 - 140 IL0 - 200 -200 

Mn (ppm) < 45 45 - 50 50 - 120 120 - 250 -250 

Zn (ppm) /(25 25 - 30 30 - 60 60 - 120 >120
 

SOURCE: 	 Howeler, 1985
 

Legend: 	 Deficient = 6r'% max.yeld
 
Low = 80 - 90% max yiele
 
Sufficient = 90 - 100% max yield

High = 100 - 90" max yield
 
Toxic = ;O9max.vield
 

Table 26. Yield of cassava at different aces of harvest.
 

HARVEST AGE (MONTIS) 	 YIELD (T/HA) 

a 
 16.18
 

10 23.51
 

12 
 31.33
 

14 
 37.56
 

16 
 41.53
 

18 
 45.25
 

SOURCE: 	 Villanueva, 1985
 

/Hl 
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GENERAL
 

Uehara (1901) defined agrotechnology transfer au the takin,- of 

an agricultural innovation from its site of origin to a new location 

where it is likaly to succeed. Transfer of both the mechanical and 

b..ologicalcouponents of agricultural technology can occur throui-h 

(* material transfer and (ii)kncr'.: transfter. While material 

transfer, such as sued or machinery, are rather straightforward, 

knolwedge transfers are much more complux and difficult as 'hey 

involve th conveyance of scientific inf,-rnn~ion about how to employ 

inputs, such -'o {;rmplasm, fertilizer, tillagr! i:plements, or irrigatio 

water, to produce )ptinl yields (LcJireth et al., I 5i) For 

agrotechnogy trnnsfer t,)succeed, th transferred technology nust Le. 

compatibl, with the characteristics. of thc farwer'o lxnci and with the 

labor, capital and r.'rv~er.ent resources of the farNer. Agrotechnolkgy 

appropriate for transfer to a 9peclfJ.c chuuld thus be (1) technically 

sound, (2) -nvironi-ntally safe, ) econorically feasible, (4) sociall 

desirable, n,ri-,%F) culturally acceprable. 

One ,y ocf transferring at-gricultural knowledge and ex1.er.nce 

is by analos-y. In t an-7,sroach soil and clim'nte cl:.ssiflc.tions are 

used to iduntffy analogous *reas. The nssunptions are (i) that the tax, 

of rh- in:nsif ca-tions stratify the environr.:ent with sufficient 

precision to allow oucc.ussful transfe-,r3: anrK (Li) that al occurrences 

of a defined clss have s!i.ilar )roduction -otentials and rcsponr-es 

to anageui.t, !.hiiu g,neral, iulti-.ttribute schemes of agroclimnntic 

classification ar, of limited value in thi analoigue transfer of 

technology (Burgos, 196o), soil classiflctiuni, have ben more 

successful. The U.S. system, oil Taxonou y (Soil Survey Staff, JV.75), 

is particularly suited for this purpose as it incorporates beth tcoil 

and climate and thus stratifies ie agro-unvircumunt into distinct 

aiches of agro,.roduction (Beinroth, 191'4'. 

Transfer by analo,,,y is also implierl in the concept of benchLmark 

3oils advanced by C.E. Kellogg (1961). i i currently defined, a beonchinIr 

3oil is an important soil select-2d for .ntencva study and coraplet(e 

-/Lecture for the XIV International Fozua on Soil Taxonomy and 
Agrocechnolo:y Transfer, Philippines, ?:arch 3-20, !9C6. 

,'A
 



Agrorechnology transfer based.. .2
 

characterization because it occupies a key interpretative position in
 

the classification and/or covers large areas (Miller and Nicholas, lMU).
 

A benchmark soil rcpresenis a reference site from which research results 

can be extrai,olatkd to other areas with Ginlilar ch-iractoristtics.
 

Soil scientists have long assumed that soil cJasoification, in
 
conjunction with soil suv!eys, provides an adequate basis for the
 

transfer of pudologlc knowledc and agroncmic axparienxlce. ihny
 

auuhoritative statemuents can be found it, the literature which allude to
 

this coniecture. In the foreword to the YAO-Unt~eco Joil Nap of the
 
world (FAO, 1974), for example, it io stat-il that one of Lhe objectiveu 

of the map is 't supply a scientific bacis fc- the transfer of 

e:cperience bet!::eLn arus with similar environmuents... (because) ... 

with the tremendlous amocunt of kno:ledg:e and experience gained in the 

mana,'emcnt .n'! of soil; throu IIWut the %,crld,devJ-pnmLnt .iferent 


the hardshi, p r[etuatc,! in sor;e areas Ly 7letticds of trial and error
 

is no longer 4tnt±iiud';. A, d C.D. EiIth (1 1) ohintd out tht 11
 

.iake the basi ossu;.tic a that 2xT-rj.,nc; -iA a 2:articular kind of 

soil in onu 'iace; can b.: :,lid to that Iarticular kind of soil.. 

wherever .i uxita if consideration r:tlwen cf any climatic. diffrencen'. 

The Ltatud aiu1'Oton and the tr:7asfer hypothesis imTlitd tierAJn 

were subJ..ic1ed to a thorou;hi sci.untific t0: ±n the henchr.-irk Soilc 

Project of Universities nai;aiiPucrtoth. of and Rico ;whose pri iry 

objuctive was tu tust the transfuraLility of agroproduction technology 

on the basis of ,' il failios as rhefined .n Zoil Taxonc Iy. 

THE BECIIIAIi: SOILE PRJECT 

ThL LBnchs.a;rk Soilz; ProjecC (F.SP) Waia r'abLishud iL 1974 to 

demonstrate.th" v:!.bility rf a soil ZInZ:aificaticn bziud approach to 

the tran3fer of !.:roproductiun technolcyy i-jthe tr -pics as a reans to 

increa-,e th, off Lciency of a',rono.ic res.earch thrcugh its .ide 

geographical difusion n-nd thus to acculera;.. the pace of agricultural 

development in the: dvuVelopI ap countriu3. 

In the first ccqrchiensive study :,fItr k~.ixd the Benchmark 

Soil, Project ventured to scientific.-ally establish the tr-nsferablity 

of agrotechn(logy, particlarly soil iir crcv nina-Qnunt experience. 

Central to thi: effoI:t is the beric.narL soils famIly as defined n the 

US ysterm of 'il clna ificntic'' .H! acn';. The nf the scil.'' intent 

family is t,) r.u soils anr. in,r together that rolatively ho1o;2n.ow,, 

properties i:,.ortant to plai.n ;;rit:h. C nsequctly, compprable phases 

of all soils of a fat:,ily ehould hiw,,a co~ine.n -. id ':recdictable re!sponse 

to rnnagemaut practics, corr laLivc input..utput characteristics, and 

similar crop pr,?ductien -,otuntial. The trz-nsftr hypothesis underlvin,- the 

http:ho1o;2n.ow
http:a',rono.ic
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BSP 	 is derived from these principles and is that empirical agroproduct(on 

experience gained with a soil of a particular family can be transferred
 

and 	extrapolated to all other comparable members of that family, 

irrespective of thcir geographic occurrence.
 

The general aim of the project was to experimentally and 

The primary rear-rchstatisticrilly validate this hypothesis. 

objectives were:
 

1. 	 To demnstrate that soil mnagement and crop production 

knowledge can be transferred a-tong tropical countries on 

the basis of roil families as defined in Soil Taxonomy; 

and 

2. To establish that the behavior of tropical soils and their 

potential for food production under various levels of 

r.zna;emant inputs can be predAicted frora soil taxonomaic 

units. 

The basic research strat'-,;y of the project vas to conduct a 

series of idantical experimtnts in a nuetwurk d soils belonging to 

the same family, monitor crop performance rnd weather conditions, and 

statistically c Jripare response to manaoment 7id yields. The 

experiments %werehig.hly controlled, drip--irri ated furtility trials 

with phosphorus an", ,Itrojcn as variabies and raizu as the test crop. 

'They werL specificaLly dcst;.;nud to gurerati the data base for the 

statistical analyses. A total of 157 of the,.- so.c,!d transfer 

xl-eriments were conducted as wL-ll as 60 pragmatic soil and crcyp 

managcmezU expurimunts and variety tr.ials. 

lTlroe contrantingly different osil fanmilies representing three 

distinct agrocli!.atic zoncs of the tro!.c-; :ire chosen for experimenLatiou: 

the claycy, knolintLic, J.shy:,m:rthcrinic Trw.; -'-ptic Eutrustox, the thixotropic, 

isothermic .ydric Dystraidcpta, and thu clryey, kaolinitic, isophypurthermic 

lypic Pelcudults. 

The proje2ct stablishcd n research ne-twork that comprized 23 

experiment situs in 3razil, Ca-m;roon, !Far'aii. Indonesia, the 1hilip,ines; 

and Puerto iico. Collaborating -Aith thv. )roj-,ct wer thu E:..resa d 

Pesquisa A!ropecuaria dc Linas Grals (EPi/iXC) in Brazil, the General 

Delegation of Scient-fic and Technical Research (DGRST) in Cameroon, the 

Philippine Council for A:griculture and ReL'E rea Research and Dekvelopment 

(PCARRD) in the Ph.tilippines, and the Siil Research Institute (SRI) in 

Indonesia.
 

The fild data uf thu transfer experinnts wer statistically
 

evaluated with three different techniques de-veloped under the auspices 

of the BSF. They were the P-statistic, the confidence interval prnr,,diiro
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and a graphical method (Benchmark Soils Project, 1902a, Cadyet al., 1902)
 

The results with the confidence interval procedure and the graphical
 

method provided strong pcsitive evidence for transferability. The
 

results with the P-statistic wire less Conclusive but not negative.
 

The graphical method was particularly illustrative as it allowed an 

instant visual appraisal of the transferability of management dractices.
 

The comparison of predicted and observed response surfaces showed that,
 

if certain site variables are considered, fertilizer response at a new
 

site can be predicted on the basis of experiment conducted at other 

sites with the same soil family essentially as well as by an experiment 

conducted at the new site.
 

On balance, the statistical studies yielded a qualif.ed validation 

of the pootulated transfer hypothesis and, by implic.tion, of the conceitE 
of benchmark soils and the soil family. In view of the complexity of 

the conjecture under study and considerirp tIe difficultLes encountered 

in its experimental and mathematical corroboration, tlese results ar± 

very rassuring. 

lioreover, the a:;ronoaic results ,f the project d:,onstrate that
 
soil families as defined in Soil Taxonory indecd provide grouplings of
 
soils that have re]atlve homo!,,cnulty in properties important to plant
 

growth, cormmon and predictable reaonnses to rnul11igTernt practices, and
 
similar crop ,roduction potential ind thus stratify the ap,,roenvirontiant
 

into distinct niches of agroproduction. This is evidenced, for exampe
 

by the very si:milar.mnxiu7, yields obtainud in Puerto Rico -ind Erazil 
with comparable inputs, the absence of roesponse potassium at loothto 


locations, and 
 the fact that one specific variety of maize performed 
best in the tdLe cbuntiil!, Evtn a casunl intcrfanmily couparison of 
data u'Ltained !ho-jed that the three soil iaoilies -,re characterized 

by distinctly di[furunt patturns of soil behivior. The P-isotherris, 

for instance. which are in large measure cornditionecd by soil family 

characteristics, arf- markedly different for the thr ie soil families
 

but very siLuilar for all soils of the sa;:c family,
 

The highest rean ri:ize yields were aleut 500UO k.[/ha for the 
Eutrustox in Puerto Rico and Brazil, 7 .. ,by/ha for the Hydrandepts 

and 6,70 kg/he for the Paleudults. Althouh these yields are not 

vastly different, the fertilizer inputs ducessary to achieve then 
definitely r. lhereas the Eutrustox required only about 40 kg/ha to 
obtain these yields, the Dystrandcpts neCded 1:0 kg/ha and thc 

Peleudults 1 kg/hi. Furthermore, the Dystrandeptg and Paleudults 
r,quired substantial applications of potassium and litrAe which were not 
needed for the Eutrustox. ThL soil manage i nt technology developed for 

Eutruotox is therefore clearly not applicable to either Dystrandepts or 

http:qualif.ed
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Paleudults, reflecting the soil.-specificity of agrotechnology transfer
 

as implied in the transfer hypothesis.
 

The results of the Benchmark Soils Project (1982a, 192b) show that 

transfer of soil management practices can be successfully achieved and
 

yileds can be predicted with considderable accuracy on the basis of Soil
 

Taxosomy families, if additional site factors are taken into account.
 

By implication, this validates the concept of the soil family as
 

Soil Taxonomy and the principle of benchmark soils. Apostulated 	 in 

of the results obtained in soil fertility and manageeantcomparison 
network also shows thatexperiuents at the various sites of the proJect 

Soil TLxonony stratifies the agroenvironmLnt into distinct niches of 

agroproduction and allows qualitative predi.ctions of soil potential 

and iaanage:,ant requirements. In conjunction vith soil surveys, Soil 

4efines the geographic and pedolog:c applicability ofTaxonomy thus 

agronijlic "xprience. 

At the sane time, the p)roject results allude to the limitations 

of analogue transf-r of agrotechnolngy based only on Soil Taxonomy taxa. 

Soil Taxopoiay cunstitutes an effective vehicle for agrotcchuology 

transfer in cazet; where a high degree of specificity is not n_:cedd.: uch 

in lare.-scale land use planning. Transf:er of a rotechnology toas 


specific farin situations, howover, requiren a nore holistic al)prcech
 

that should bU based systum.J analysis and al'lcy computer sinulation
 

techniques 	 to rodel the soil-weather-cro--r.anageent continuum. 
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Transfer of i.'rotechnology has evolved along an evolutionary path 

that lod froai trnl and error and statltieel.methods to transfer by
 

analogy and, ucre rcently, systems analysis and simulation. The 

disadvantaf'e of transfer by trial -nd ero." !. that it is attained 

slolwly and at hih social cost. Statistical techniques., mainly aualysis 

of variance and rmultiple regression, lend thTiaselves more to interplati:.us. 

than e:trapolations. Trsn. :fer by analov has traditinally been advocated 

by pedlogists on the rationale that sol clan sificatIon stratifiec thu 

azi'ronvror.-iit in suff'ici--t detail to iacilitatL transfercnce. IIhis 

assuniption has beun shown to validie for instanceco wbhre the cmphasis 

in on brissr.-,,;smint, rather than sp-:,fic ,rcdictions and preocr;.pti'ns. 

Informtion. h)wevcr, can only be tranoftrt-d .rur. the locotions ihera it 

has been gcneraLe,.!, leadin;oothe ee for evur maoro reseorch situs. 

Si ulation m,ls hav.. long ben rccotini:,-X -c thu concCL-!tu,'tll hest 

ap;rocch to ao:-iutu.chnolooy transfer, b.c various cunstraints have prevented 

their us in hd liut. hdvansn cr n' couplec v th advanes 

in ceiuputur tP:.hnolo;y, ne: makc thet Li,rcach entirely fcasilolu. 

.s cro. !)crfori.cnce result: fro:, th,3 interncti'n of a nultitude 

of Loll PlI.. cli.,ete and lagcnt I - ,rc the dUv. 2lopr:cnt :nd 

{:valuation ef cro,, si, latlm mcd ults re iuircas data taint r~on.tor tilI 

genity;e cnvirm1..-lit :inn '.nt system. Cuitivac-specific *'ninua data'. 
' s£tz havc, or , ;'e de"-A 1,h the ;,i atl.' 'here,le!I .Ch i!'21itify 

-;int, end e.'n:Lt rarCa needvd- for .edelin. Such dilta csts 
should be ccilcctcd ,'t 6Ites tLt cover tli., cwrjlte spectru. of 

environern co-fj Lions where the crop will ',rmj, incluMin, sites with 

severe struas. The J fective ut.lization ,f these data sets require a 

functional da.tn b'.";:, syst.i whose outjut Is come.tibl. withmnnajgeu.ment 

the input ruquiL,:iunl:s of the model. 

Tih biophyical ;roc-ses of agricultural rystens can be 

described iath,.-ecat ical ly and hence simuiatned, but the socio-e( onemic 

)-,pecto systim defy 

trLeatrment anld r~uthemircal cxpression, '!.vever, the techniqus of 

knowledg,,u 4i-Iieurii kre.,n as 'yatc, -A.lw address 

and other jud,-u:,', atai ,,fthe such euchanistical 

m expert -,o to 

thes, nspects. eithe_-r in corbination n.ad.eltienorwitb iodrls 

independently, In .addition, .. och,;st.Lc .;_thedoloei.Cs are needed to 

-/Lecture for X1'the Inrrnationol Formi on oil Taxonomy and
 
A4rotechnelogy Tranisfer, Phiillppines, :;-,rch 3-2u, 1986.
 

http:och,;st.Lc
http:interplati:.us
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deal effectively with the systematic and random variability, both
 

spatial and tuqporal, thrt characterizes tha soil landscape. 

Systems-based agrotechnology transfer thus integrates three 

main elements: data bases, simulation models and expert systems. 

The International Benchmark Sites Network for A4;rotechnology Transfer 

(IBSNAT) exemplifies this approach. Central to this project is a 

relational data base ranagemaent system and a treneric crop simulation 

model that is user--oriented, of universal ipplicability, and can be 

exccul, .don microcomputers with a minimumr of input data. 

IBCNAT is an eutg;rowth of the Be,,chrTiark Soil Project of the 

Unive.rsities or Ilawail and Pue.rtc Rico. It was irrplemr:nted in 19f2 

and is funde:d, In part, by the U.S. Ai-eicly for International Development 

under a contr! ct with th,. Uitivursity of Kawji. IBSUh.T is a coilabor.tivw 

Pndonavor that ccoasolidates i .rotq :f tlctiltural rosrarch cianturs intc 

prototype nut,,ork for the purpose of dcveloping; validating and util-zi.n 

a scientific methodology for the e':fcctlvc tr.ansfer cf a'r.)tCchnolo,'y 

among Ind withri countric. of thu lower latitudes. 

IbZ1'ATfs eOal it; to devisec ways nd nonr, th.t will enable 

countries in t:he trop.(cs and subtropics lacking r .urccs and 

institutional :npaciLv t i,-2t their a;,ricultural rkvdoument needs 

tlrough tuchnli:y ti'ansfur, Accordingly, the sro4ect;s objectiv._s 

are to:
 

- acccluratu the diffusion of agricultural innovations frox 

their sites of origin to new locations, 

- increasu the succua;s rate of taechnolc. y tranafer to farncr'i' 

fields and 

- assess the long-terw effect of airicultural practicos on the 

environ.-en t. 

IBS1IAT ahis to ochieve Ito objectives by: 

- establishing a network of colinboral in natior. 1, ret;icna, 

and interniation.al agricultural researcli centerv -o serve no 

sources and recipients of ajrotuchnology; 

- identifying the soil, crop, waatler and manageent daLa 

ni.cded to nuccussfully trannsor ag rotechno);y. 

- testing soil, crop, veaCicer alid ",-agemn-nt nimulation mrlde. 

in a netuorkd exper!:,.:ntal , 

- using aytei,23 an2.ysu, :finulation models and expert systetis to 

predict the pIrtorr.ancu of c:op., nm.d rinagnument syste.ms; and 

-.training, cl-boratra in t:,c ui, ot -ystems analysis and 

oimulatiun and managrment nuodela for ag;rtechnology transfer. 

i 

http:syste.ms
http:interniation.al
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The realization that in successful tri-nsfer the characteristics
 

must be compatible with Lh- environmentaland requirements of cultivars 

that quantitative knowledge of
conditions at the transfer sit(- implies 

m n t int.rnctions must be generatedthe genotype-environmulnt-:aiaOaC
In tl.c

and incorporated into the crop performn-ce simulation models. 

collect
 course of field experimentation it is thus essential to 


Lalanced sts of soil-.crop-weathr uanajenut data that nonitor tha 

whole system and facilitate thu identification of :rminimum data sets" 

whidlare a prerequisite fer transfers via osliulation tuchniques. 

for thich siulalon modtlls ar.e being developed byThe crops 

rice sor,-hum, wheat)., three.raiaIBSNAT includc: four cereals (naizec 

and three root crops (aroids,legumes (benns, groundnuts, soybean,) 

cxper'rt dL-.-igns and 
cassava, potatoes). Guidelines for tho 

'nd circulatecdetailed proceduri.s for data collection have been complI.ted 

riId research in currently in [,ro;russ atto IBSNAT collaborators. 

16 countries.R: benchmark situs in dcvelopiuy 

Th mize and wheL-t T,odls live boc1u subjected to global te-stinj; 

and were fcund to pr. dict crop Verformoonce with reasoable accuracy. 

Tihe soybe-n utod,l is operational :,nd ready fur worldwide validation. 

are ia various stao.'e of (clvelopmoatthe seven othzr mude'l 

The proj wct has furthner quh.ined n MNto Base i:anopgownt Systen 

for stor!ip and ua;,lyzing chu data sets collttcd in tha network. 

tie systeo caUM] oy coaieUrcially w'Ilzblc ;o.t .. re (dtas, III by 

Ashton.Tatu) nnd is ciarct-r:.zed i. ua a o u.a flQ':ibilty, 

aLili,'- doata .ti:'ad.: ,e ilorcfvor, theprecision, r i ad 

systc2 nut ati arc idontical! to th.. ,del enablin' allinp,'tq, 

IBSNAT c p rcoe La acca: the riat ro a "io;,i data t'cz5 Manzaote , t 

systn. 

IBM=NAT is curently devlcpin" n conpt.ri~zed i ,:eciainn Support 

prov.dcSystem for A.;rotvchnolo;:y TrAnsfer (UtSAT) that attrmpts to 

users with cov-niienit and easy to use Irocehrc, for n systematic 

evaluation of the porformanc: of agrotuchtology at new 
locations 

In order to us ::uLo to ',nurat the desired autuits. th,- DSS,' 

data Loseinccrporateo nod links the crou' v:e els, data filJ, the 

utility pro:ran5, and, eventually, expert systems.management systeu 

f.sters the dc ,I>:,OnL of nat.rrk , that cRm.'oyFinally, BLHAT 

o a;rotechnology in a ruei'nal
a system-basel ay,:roach to the tratisfeu 

context. Th.o droject therefore aseistzd c-!ntists from ASEAN countries 

th roposn] for n AShA :-chiaark Sites fUrL t Networkin developi p 

ect proposal hns rucently
Agrotechuoloy Transfer (A6SNAT). 1he drs 

Uy ASGI'An research body 'nd is now bein: considered for een approved 

funding.
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INTRODUCTION
 

The logic of soil classification has been summarized by Cline
 

(1949). He states that the purpose of any classification is to organize
 
our knowledge into groups so that the properties of the objects classifie 
may be easily remembered and the relationships between members of groups
 
and between members within a group are readily understood. Cline also
 
stated that any classification must have specific objectives. Thus
 

any proposed system of soil classification should satisfy these
 

objectives.
 

In many countries particularly, the developing countries of the
 

Tropics, soil classification and soil surveys have and are being carried
 
out with the objective of interpreting the results of these soil surveys
 

for agricultural use. 
Data from soil surveys is vital for crop selection
 

and for the management of the soils so that ukximum benefits can be
 

obtained. Increasingly more countries are using Soil Taxonomy as a
 
basis for carrying out soil surveys and isttrpreting'the resultant soil maps. 
The
 

reason for this is obvious when one looks at the title of the book: 
-

SOIL TAXONOMY 

A Basic System of Soil Classification for Making and
 

Interpreting Soil Surveys
 

The objectives of this paper is to examine the interpretations
 
that can be made using, Soil Taxonomy, for the suitability and management
 
of perennial crops. The importance of Soil Taxonomy as a means of
 
technology transfer for perennial crops will also be briefly discussed.
 

CATEGORIES OF CLASSIFICATION
 

Six categories have been recognized in Soil Taxonomy. viz:
 
Order, Suborder, Great Group, Subgroup, Family and Series. These
 

categories sel-ve specific purposes and the amount of detail that goes
 

into each definition increases in the lower categories. In addition,
 
since Soil Taxonomy is an hierarchical system, any property or criteria
 
used at a higher level is also implied at the lower levelc. The general 

criteria used at each categorical level is summrized below. 

-/Paper 
 presented at the XIV International Forum on Soil Taxonomy an4
 
Agrotechnology Transfer, March 3-20, 1936, Los Bafios, Laguna,
 
Phiiippines.
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Orders
 

The orders are diZferentiated by the presence or absenc
 
of diagnostic horizons or features. These are indicators of 
differences in the degree and kinds of dominant sets of soil
forming processes that have helped to form the soil. 
Ten orde 
are described in Soil Taxonomy - Alfisols, Aridisols, Entisols 
Histosols, Inceptisols, Hollisols, Oxisols,Spodoacls, Ultiso
 

and Vertisols.
 

Suborders
 

The suborders generally are defined on 
the basis of
 
properties that affect the current processes of soil
 
development. In most suborders, soil moisture and temperature 
regime are the properties used. 
 In the case of organic soils 
Histosols, the degree of decomposition of the organic soil 
material is used. 

Great Groups 

In this category, a number of soil properties are used.
 
The whole soil is characterized including the assemblage of
 
horizons and the most significant property of the whole soil as
 
determined from the number and inortance of accessory
 
properties. Although the differentiating properties of the
 
great group 
are few, there are many accessory properties. 

Subgroups_
 

The categories above the subgroup focus on the indicatio
 
of causes of sets of processes that appear to dominate the cour 
or degree of developmant. However, many soils have in addition 
to these, properties that as subordinate but yet important marki 
of soil-formin 8 processes. 

Within a given great group, the soil may show subordinat( 
indicators of processes that are dominant in other orders,
 
suborders or great groups but in the given great group these 
processes serve only to modify other more important and dominant 
processes. Identifying these less significant processes at the 
subgroup lCVl helps to show the relationship to other kinds of
 

soils. 

Families
 

In this category, the intent has been to group the soils 
within a subgroup that have similar physical and chemical 
properties affecting their response to use and management in 
particular to agriculture. 
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Series
 

The soil series i± the lowest category. Differentiating
 

fall outside the'limitscharacteristics of a series cannot 


established for the family.
 

E NT INTERPRETATICNSSOIL SUIT.BILITY AND 1*A!AG 

General Principles 

determination of the suitability of a piece of land
T'h.e 


use aad thbe type of managemaent 	 is
for a specific agricultural 

one of the nore :i.portant uses of soil map (Paramananthan and 

Law, 19GL). Before examining how 	 the Soil Taxonomy can be 

this purpose it roay be -;;rtinent to examine brieflyused for 


general principles of such interpretations.
the 

gro~m on a variety ofExyrience and research of crops 

the basis of such interpretations. This
soils forms 


come from :any sources '.ncluding experimentalcxperienc: wony 

and famrer experience. The leck of a common basis for 

for a longcon:paring soils betmeen different 	countries hae 

to ,.thin a ccuntry. However,
time limited the use of such data 

has becoma
with the vider use of Soil Taxonomy the data base used 

international. 

of crops grow. onResearch and experience of a variety 

a variety f colln riakes feasibl' to develop tables showing-. it 

to crop growth. Initially these tables ,rtly
the linitations 

considered soil characteristics ( 1974).1oAg Today, however, 

as cliumate is also included (nitir.g: 11:C1).
other crieeria such 

rntzd as being minor,The limitations to crop [routh arc 

of a particularmoduratc, s.rious or very serious 	 for the growth 

cro,> The dThre. of :;everaty uLc:ig based oi, estimated cbclin'; 

in yield due t:o that characteriti-co 

soil survey a table showing theFroe the results of the 

physical and chemical characteristics of the soil can also be 

In evaluating a piece of land for 	the suitability
dev-vloLed. 


one has just to comparo the tabla 	 of
for a particular land use 

the soil properties.limitations tocaop growth with that ' 

can 10: uvaluated for that particularBy this cminparisor the land 

simplest method of evElmiat.on the soil mam:inland use. in the 

unit is given the worst rating 	 it Ava -,cs a, overall land 

iowever so:e ! iAtationn such as 	drainigasuitability rating. 

be overcome byclass, prescnceoT ncid sulfr:tc 	horizon may 

77.nce, it is possible to identify
various manaGer,-nt practices. 

http:evElmiat.on
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various management practices that can be used to overcome a
 
particular limitation thereby upgrade the soil. 

Crop Growth Limitations
 

Depending on the crop a variety of factors can affect
 
crop growth. In general however, thase limitations can be
 
sub-divided into five 
 main p:roups: -. 

i. Clilmatic Characteristics 

ii. Topography 

iii. Wetnuss 

iv. Physical.Soil Conditions
 

v. 
Soil Fertility Conditions
 

Ezch of these five groups can be further sub-divided into
 
different land charactcristics depending 
 on how these factor!4
 
will influence 
 the growth, yield and management of that 
particular crop. 
 The class limits or degree of limitation for
 
each characteristic 1ill vary according to how that characteristic 
affects the particular crop.
 

Based on the author's experiencus vith the growth of oil 
palm, cocoa and rubber on a variety of soils, tables 1, 2, 3 and
 
4 have been developad for use in bllaysin. 
Each of these five
 
groups of characteristics is further -ub-divided into a number
 
of charnct,risticC. 
 Ilio nurber of characteristics used is largely
 
dependent on how these character~jtics affect the growth and 
manas;-e c of the crop. The list of characteristics used is not 
exhauctive and can be increased or decreased based on new data 
from rusearch. '1 3 class limit- for the degree of limitations 
are more difficult to establish but are established on the basis 
of research findings and experience,
 

se ofSoil Taxonomy in the Evaluation Process 

As mentioned earlier, th,! criteria used at- the family 
.ategury in Soil Taxonomy have bean selected in such a way 
is to make agricultural interpretations. However, depending 
)n the land characteristL concernid they are used at various 
.evels.
 

a. Climatic Characteristics
 

The climatic characteristics used in the land
 
evaluation procer.s include the presence/absence of a 
dry season and the rean annual temperature. Both of 
these characteristics are used in Soil Taxonomy. 
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The soil moisture regime is often used at the Sub

order le!,el in Soil Taxonomy. Soils having an 

ustic moisture regime for example as the ustults
 

are not suitable for both oil palm, and cocoa while 

for rubber.- The soil temperaturethey are marginal 

regime s used at the family level and only thosa
 

soils having an isohyperthoruic tenperature regime 

are well suited for the three crops concerned. Those 

with isothermic and isomesic temperatures are not 

suited for these crops.
 

From tables 1-3 it appears that both cocoa
 

and oil palm are more sensitive to moisture stvess 

compared to rt-bbar and hence yields of oil paIm and 

cocoa will be seriously affected by moisture stress.
 

that oilFrom these considerations one can intkrpret 

palm and cocoa grown on the well drained soils with 

an oxic horizoL aspecially those having red colours
 

and well aggregated structures would be seriously 

affected by yield fluctuation. Hence, rubber is 

preferred on such soils (Paramananthnn and Eswaran, 

that the northern part1984). It is for this reason 

of Peninsular 14mlaysia is considered to be not 

cocoa and oil palm ns the climatesuitable for both 

there Ja ,marginal to ustic. 

b. Topography 

Topography or slope is often mapped at the 

phase level on a soil map. The different systems 

of harvesting erployed for the three crops considered, 

iaakes slope an important consideration. Slopes also 

affect the crodability of the soil. This criteria
 

is not readily inferred from the classification of 

the soil using Soil Taxonomy. 

c. Vetness 

The wetness charcteristic is divided into 

drainage and flooding. 'fle drainage class of a soil 

can be inferred froa the classification of the soil. 

oils which are poorly drained often have mottles with 

a low chroma and have an aquic moisturc regime. !!nce 

soils that belong to the ,.quepts and Aquults have an
 

aquic moisture regime. 
Soils that have colours with a
 

lower in imperfectlylow chromna down the subsoil are 

drained and this is indicated by the sub-group in the 
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classification e.g.' Aquic Tropudult. 
Oil palm
 

tolerates poorly drained conditiona while rubber
 

does not. Cocoa on the other hand can grow well on
 
poorly drained soilv if the water-table is kept below 

75 cm. Thus, many coastal areas which have been 
drained artificially have soils of the order Aquepts. 

Such soils can be planted with oil palm and cocoa
 

but are considerud to :e unsuitable to marpinal 

for rubber. On the other hand the imperfectly
 

drained soils (aquic subgroups) can support all the
 

three crops. Ti'th the improvement in drainage, the 
Paleudults, Iaplorthox and Dystropepts the performance
 

of rubber improves. 

d. Physical soil conditions
 

A number of soil characteristics can be 
evaluated under this category. The texture or
 

particle-size class when gravels are present is
 
an obvious characteristic that can be used. 
 In Soil
 

Taxonomy, the particle size class in usel at the farily 
level and hence this interpretation can be readily
 

made. In order to accoLuaodate temtural variations 

with depth and the presence of stonulines the 
characteristic is evaluatud using a weighted average
 

to 100 cm. Where gravel layers are present a further 
downgrading is used., Wi"-hin one textural class e.g. 

clay and soil may h-iv,, fine structures and friable 
consistence as in Oi:;o's or bc coarse-structured and 

compact as in some Tropudults. Thii; difference can 

often be inferred from some accessory properties. 
Oxisols generally tend to be fine-structured and friable 
thereby raking root panetration and workability relatively 

easy.
 

The presence of rock or other substratum will
 
severely inhibit root growth. In Soil Taxonomy the
 

lithic, paralithic and petroferric contact reflect
 

these conditions. These criteria are used at the
 

subgroup level. Similarly the presence of a sulfuric
 

horizon at various deL:ths in the soil will determine
 

its suitability and management. A sulfuric horizon
 

which occurs within 50 cm of the soil surface will 
key the soil out at 
great group level as a Sulfaquept.
 

If the sulfuric horizor. occurs belo: 50 cm depth then
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level as a Sulficit is indicated at the subgroup 

Tropaquept. The ut"lAzation and management of 

these acid sulfate soils is strongly related to the 

this acid sulfate layer (Paramananthan and
depth of 


Eswaran, 1984). The knowledge of the depth of the
 

sulfuric horizon is vital to determine the typo 
of
 

be used if 
water control and management that has to 

these soils are to be successfully used for agriculture.
 

a. Soil fertility conditions
 

The low fertility of tropical soils has long
 

been considered to be the cause of low yields. The
 

content of the soilmineralogy and organic matter 

The mineralogy
reflect the fertility status of the soil. 


of the soil is reflected in the mineralogy class at
 

to the kaolinitic or oxidicfamily level. Soils belong 

less f rtil than those of the mixedclass are obviously 

Soils of the oxidic family nay also
mineralogy class. 


present problems of phosLphate fixation. The lo,
 

fertility of tropical soils is often reflected tcttheir
 

low effect±ve cation exchange capacity. Thus, soils 

with an oxic horizon have an effective CEC of less 

than 16 while soils belongin to the oxic or orthoxic 

This
subgroup havu an effuctivu CFC of less than 24. 

are to be obtainedlow CEC implies that if high yields 


and maintained a :?ood manurial program is essential.
 

The adaptability of the difrui..nt perennial
 

crops to such low fertility conditions varies. 

Rubber is somewhat more tolerant of such soils while 

cocoa is least tolerant. In Oxisols, often the
 

factor whichcalcium and -ngnesiur.levels are low a 

On the other hand, fertileis critical for cocoa. 


soils developed over marin- clays with smectitic
 

high values for these two elemcmits.
mineralogy have 

This high level of magnesium can cause coagulation 

of latex in rubber and hence reduce yields.
 

In many Oxisols, the only source of nutrients
 

is the organic watter r -ttent of these soils is 

reflected in the colour of the surface horizons. 

Thus, the darker coloured unbric upipedons are 

the light coloured ochricprobably more iertile than 

also used asepipedons, The base saturation which is 

a soil fertility characteristic is used both at the 
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order level viz Alfisols and Ultisols and at the
 

great group level viz Dystropepts and Eutropopts.
 

IAINAGE4E NT IULICATIONS 

The differing soil and climatic reauirements of the tree crops 
considered played a dominant role in the crop diversification program.
 
In the pre-1950 years rubber was planted on both poorly drained
 
Aquepts and well drained Oxisols. However, once soil survey and
 
crop performance data were available rubber was to
moved the Great 
Groups of Paleudult, Tropudult, Acrorthox and Kaplorthux. Oil palm
 
on the other hand was 
increased on the Tropaquapts and Sulfaquepts.
 

Cocoa requiring more fertile soils was ,lanted on the Tropaquepts,
 
Tropudults and Eutrorthox. The extent of coconut 
 in !alaysia has been 
reduced somir.hat being now confined to the Tropaquepts and Sulfaqueuts. 

Thle relationship between crop performancL and soil units have 
been studied by iiany workers and surmnarized by Ng (1903). This is
 
reproduced as 
Table 5. From thic table ft is obvious why oil palm 
or cocoa/ coconut is preferred to rubber en Aquepts.
 

The incr:asin interaction betweon the use of soil survey data
 
and cultivation practice and fertilizer use has resulted in the
 
identification of 
 the nutrient inputs r-equirai for a particular crop
 
on a specific soil unit. This informatico has been complied by 1,1g
 
(1983) and iS given in Table 6. From this table it can bL seen 
 that 
priorities of nutrient inputs vary with soil characters as well as
 
crops. Thus, in the 
case of oil pai'h, the lower demand for nutrients
 
are apparent in uusot of the Aquepts 
wbile higher nutrient requirements
 
including copper and 
 boro are needed en .hersarmnents and Fibrists.
 

For cocoa, calcium is a necessity but nct for rubber.
 

POTE1I7,AL FOR AROTECKNOLOGY TRANSFER 

In the %;astlarge amounts of money, time and energy have been 
wasted by duplicating research in many countr.us. This was because 
no coranon system of soil classification was used. However, with the 
introduction and use of Soil Taxonomy a common basic lait, t- of 
communication has been developed. The Soil Taxonomy has enabled us to 
compare soils in different countrics and assist in the transposing 

of research findings from one country to another.
 

If a 11alayaian soil scientist says that the Rengaw Series is will 
suited fur ru jar, oil palm and cocoa it deco not mean very much to 
other soil scientists who are not familiar with the soil. 
However, if
 
he says in addition that the Reagam Series is a clayey, kaolinitic 
isohyperthermic, Typic Paleudult developed over 
granite, then the soil 

http:countr.us
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scientist in Thailand can equate this soil with the Phuket 
Series in
 

The reserach findings on the Malaysian soil could 
then
 

their country. 


as a basis for further research without the need
 be used in "Ve.iland 

to repeat any basic experiments already carried 
out in l"al'a. This 

crers so' theme cpf3
transfer of technology is much easier 	Vith p3letfl 

on characteristicsdepernd largely topsoil
are Yk s deima.ding. Annual crops 

which are m'ore stable are used in the evaluation of soils for parennial 

crops. 

CONCLUSION-

The soil family in Soil Taxonoraj has t 	:en -defined to assist in 

classification of a soil 
making interpretations for agriculture. The 

a sumuary of both lnnd and soil characteristics
 to the family levA is 


in the land evaluation and management. It Js .p.'rent

which cai- assist 

that many of the criteria used in Soil Tnxanot.L can be used to interirot 

cros. By matching our 
for evaluating these soils for perenniail 


the necd.ssary interpre.experience of crops grownt on a variety of Sois 

tat.ons on suitability ii feasible.
 

Soil faxonomy also assists research !iorkers by 
providing a means 

rv'd, the need to repeatwith one another. This hasof conriunicration 

many experiments obsolete and transfer of technology 
between countries
 

a reality.
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le 1. Evaluation of Land Characteristics for Oil Palm
 

DEGREE OF LIUIITATION 

CHARACTERISTIC NOT LI4ITING INOR IIODERATE SERIOUS VEY SER: 
S 2 _S3 	 N2
 

[MATE 
+ 2,000 1,700-2,k2 	 1,450-1,700 1,250-1,450 - 1,

knnual rainfall (mi) 
- 1 1-2 2-3 3-

Dry season (months)  -
+ 29 27-29 24-27 22-24 


.iean annual max temp (*C) 

+ 20 1I-20 16-1U 14-16San annual min temp ('C) 

18-20
+ 25 22-25 20-22
Liean annual temp (*C) 


POGRAPHY 

0-4 4-12 12-23 23-3. + 
Slope (Z) 

ME SS 

Drainage Moderate to Well and Poor (aerie) Foor (typic) Very poo 
(csily difficult toimperfect somewhat 

excessive drained) drain 

Nol flooded 11inor Moderate Severe
Flooding Not flooded 

YSICA SOIL CONDITIONS 
SL, LSf LSco, S


Texture/structure 	 Cs, SC, CL, Co, L, SCo SCL 


SiCa, SiCL
 
-lc 75.-100 50-75 25-50 25

Depth (cm) 

Depth to top of sulfuric 100 + 75-100 50-75 25-50 - 25 

horizon 

IL FERTILITY CONDITIONS 

I1enthuring stage + 16 - 16 

(Effective CEC) 

+ 35 20 - 35 - 20
Base saturation (Z) A 
horizon 

--+ 1.5 - 1.5Organic carbon (Z) 

t. 	horizon
 

0 - 11 - 2 2 - 3 3 -4 4 +

Salinity milllmcus (50 cm) 

HG'ES ON EVMLUATION FOR OIL PALh 

1. Dry season
 

A month is considered to be "dry' if the total rainfall 

for the nMutJiV less than 100 rmi. 

2. Texturu/SLcturc 

In evaluating the texture, the weighted average of the 

texture to a depth of I00 cm is uicid. The wei-hted texture 

is evaluated as follows:
 

Rating for j--25 cn x 1.75 

25.-5(; c x 1.25 

50-75 cn x (!.75 

75-1t).! cua x 0.25 
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Where surface or sub-surface gravel layers occur the
 

textural rating is downgraded by a factor as sho,m below
 

depending on 	 the nature of the gravel. 

N4ATURE 
IRON
QUARTZ 11,TERITE COAT 

Z GRAVELS 

3 - 15 75 90 95 

15 - 35 6. 75 C3 

355 - 7v 50 60 7 

A gravel layer of more than 70Z is treated as a sub-stratum.
 

3. Soil Depth
 

Depth here refers to a substratum or rock i.e. a root
 
r,'stricting laye!r. 

able 2. Evaluation of Land Characteristics for Cocoa
 

C:5%RCIERISTIC _ _I DEG1.,.EE OF LIMITATIGN 
jNOT LIAITING! l0DERAT- , SERIOUS 'VERY SERIO 

S2 S,3_ ' N1 N2 
LIVATE 

Annual rainfall (rm) 1,60*-.2,U00 iJOG"..-,63u 1,200-1,40 -.,2CO 
2,W0;-2 50 j 2,50U-3,50; +1150C' 	 +4,50,
Length of dry season (fonths) -.1 1-2 2-.3 3-4 4-111can annual max temp ( 0C) -2 28-30 +3; - -

etan annual. min temp (C) +20 

Relative humidity (month ,ith 

15-20 13-15 1-13 -10
 
45-60 40-44 
 35-39 	 30-,34 -30


lowest value) - 56-.6,: 61-65 66-75 +75 
)POGRAP1IY 
Slope (Z) 
 0-4 	 4-12 12-23 23-3V +38
 

.fNESS 

Drainage 	 Well to Somewhat Somewhat Pcor Very poor
 
moderate 	 excessive poor
 

imperfect
Flooding Not flooded  - Iiiror Mod -Severe
 

YSICAL SOIL CONDITIONIS
 
'.-ixure/Structure 
 Cs, SC, CL Co, L, SCo SCL SL, LSf LSco, g
 

SiCs, SiCL

De1 th (cm) IUO+ 75-ljL, 53--75 25.-50j -25
Depth to Acid Sulfate Layer 1jo+ 75-10G 50..75 -K0 
EMICtd, SOIL CONDITIONS 
-athering stage (Effective CEC) -1-24 16--24 -16 	 --

Base saturation (% A horizon) +50 35-53 20-35 -2cOrganic carbon (%A horizon) -1.5 1.5-2.4 2.5-5.0 +5.0 -
Organic carbon (Z B horizon) -1.5 	 - 1.5.-3..: 3.0+ -.
Salinity (m mhos) 1-1.51-.5 1.5-2 +2-1.5-I 

i 'A 

http:DEG1.,.EE
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Evaluation of Land Characteristics for Rubber,
.able 3. 
DEGREE OF L11HITATION 

CARAUCTRISTIC NOT L ITING MINOR 1 MODERATE SERIOUS :VERY SER 

' _211,_

Sl S2 S3 

'LfI,ATE 
+2,000 1,700-2,000 1,450-.1,700 1,250i,450 --1,250
 

Annual rainfall (m) 	 +4 2-4 

Loss of tapping days (months) -1 1-2 


3-4 +4

-1 1-.2 2-3 


Dry season (months) 	 -22
22-24
+29 27-29 24-27 

1'ean annual max temp (

0C) 	 -14
14-16
+20 1-2( 16--IL 

Mean annual :in temp (

0C) 	 13-2," -18
 
+25 22-25 20-22 


lean annual tmp (*C) 


rOPOGRAPIlY 
0-12 12-23 23-38 38--4 1.48 

Slope (%) 

WETNESS 
Good Modcrate Imperfect Imperfect Poor
 

Drainage 
 and High U.T. 

- hinor hod-Sev(
Not flooded
Flooding 


PHYSICkj, SOIL CONDITIONS 

CL, Co, SC, SiCs. SCL: SL, LS(f) LS(co), f Sco 
Texture/Structure* 
 Cm, siCmCs L, 

50100 25-.5D -25
+150 10-.151Depth (cm) 

SOIL FER' TLITY CONDITI01S 
--

(Effective CEC) +16 -16 -
eathering stage 

-.35 
',sasaturation (%) A horizon +35 

-
Ortanic car';on (Z) A horizon +1.5 --1.5 - . 

*Loimgrading for Gravel Layers
 

NorTES ON EVAJUATION FOP, RUBBER 

(1) Loss of tsijn.dys 

Any nonth having a precipitation of more than 50C, im/ 

and any month with a 
month is considered to be a rainy i onth" 

is taken as half a rainy
precipitation of 300-50C' rm/month 

wonth. 

(2) Dry Season 

A imonth is considered to be ::dry" if th. total 

rainfall for that month is l,-sa than Ibo ru. 

(3) 	Texture/Structure 

texture the weilghted average of
In evaluating the 


15. cm is esed. The weighte.
the texture to a depth of 

texture is evaluated as follows.
 

cm x 0.75
75--10'Y
Rating for 0-25 cm x 2.0 

25-50 cri x 1.5 
 100-125 cm x 0.50 

125-150 cm x 0.25
50-75 cm x 1.0 


Mero surface or sub-surface stonine-ss occurs 
the textural
 

rating is downgraded by Lhe factor shown 
for gravel layers
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%OF 

GRAVELS Q t C 

3-15% 75 90 95 

15-35% 60 75 80
 

35-70Z 50 6J 70
 

A j-ravel layer of more than 70X is treated as a substratum.
 

(4) Soil Depth
 

Depth here refers to the presence of a substratum,
 
rock or other root resutricting layer such as acid sulfate 

layer. 

rable 4. Evaluation of Land Characteristics for Cocouut 

DEGREIZ OF LI1o1ITATIONCHARACTERISTIC ;NOT LLIITIfNG,
SI 

S, 
INOR

S"2$53 LIE M SERICU3
1

I 
VERY SERI0U{' 

N2 

LIMATE 
Annual rajifall (rm) 
J'ann annual tcmperatur 
Lenwthofbdry season 

amnn s 

('C) 
+2,C 

27-32 
-1 

CJ 1,600-2,3C14 
24-26 
1-2 

1250-16")', 1,000-125C 
22-24 20--22 
2-3 3-4 

-1,0w 
-2-j 
+4 

C'CGRAPIIY 

Slope (Z) 0-4 4-2 12-16 16--23 23+ 
1 Ti1ES S 

Drainage Iwperfct, Somewhat Poor Very poor -
mod'erately excessive 
well, well. 

Floolin , Not flooded Minor lioderate Severe 
qYSICA, SOIL CONDITIONS 

iexturu and structur-. CL, Co, X, LS, SICs S Cm, SICI -
Cs; SOL, L 

D,..ti (cm) +1L 75-10j 50.-75 25-50 -25 

MI121CAL 'OIL CONDITION 

aieathtrin,; state - - - -
(Effective CEC)

Base saturation (A horizon .) 

Organic carbon A horizon Z) 
Salinity (,n mhos) 

+35 
+1.5 

(--4 

20, 
-1.5 

4-z 

-20 
-

C-16 

-

-
16-20 

-

+20 
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Table 5. Yield Performance on Different Soil Groups (After Ng, 193):
 

OIL PALI! COCOA COPRAS RUBBER 
SOIL GROUP kg/ha/yr. Tonne/ha/r. kg/ha/yr. kg/ha/yr. 

Tropaquept 1,300-1,500 	 25-30 1,000-1,200 1,5C -,E00 

20.-25 700-800 l,0-1,200Sulfaquept 1,200 


Dyntropept 1,400-1,700 1C--22 600-700
 

15-20 400-500 600-800

Sulfaquent 	 700 


-
800-900
Paleudult 1,500-1,700 20-22" 


900-1,300 
 -

Tropudult 1,400-1,600 20-22 


900-1,100 
 -

Acrothex 1,400--1,8 0 20..22 


1,100-1,200 
 -

Haplorthox 1,7u-ld 	 22-25 


-500-60
18-20
coo
Quartzipsamment 

400-500
Tropaquod 60-


500-600
Tropohumod 	 700 


600 12-15 
 000 	 -

Tropofibrist 


Table 6. Principal and Subsidiary Nutrient Inputs for Various Tree Crops. (After Ng, 1983). 

COCOA COCONUT
SOIL 0PROUP RUBBER OIL PALM 

N, K 11, CA, k 11, kTropaquept N, K 

P, CA, n, k CA, P, -1 P, caSulfaquept P, n, k 

Dystropapt P. t, 	 P, N, komg CA, P, 11 

P, CA, n, k CA, P. n, k P, CA, 	n
Sulfaquent P 


P 1, K, P, m CA, N, K, F N, K, p
Palcudult II,x, 

p N, K, P, nq CA, 4, K, P N, K, PTropudult N, K, 

N, P, K, ; CA, P, N, hAcrothox N, K, P 

N, P, k, mC IA, P, N, kHaplorthox No, K, 


Quartzipsamnuent K, P N, t 	 -N, P, K, 1G, B 

Tropaquod .. 	 - K, n 

- K Fn,pTropohumod --


K, CA
Tropofibriut *-	 CU, K, CA, B 

Note: Capital letter ueno'es Principal Input
 

Small letter darotea subsidiarr Input. 

6") 


